From: Rury, Kristin

To: Roqgala, Jessica

Cc: Phang, Whang; Olinger, Christine; Funk, Stephen
Subject: Flupyradifurone DERs

Date: Tuesday, October 07, 2014 2:55:39 PM
Attachments: B.7.8 Livestock Feeding Revised.docx

B 7 9 Rotational crop Revised.docx

B 5 flupyradifurone Methods of Analysis Revised.docx
B.7.6.2 Storage Stability Revised.docx

B 7 1 and B 7 2 Plant and Animal Metabolism Revised.docx

Hi Jai,

Here are the residue chemistry secondary reviews. Are these what you need? Have | missed
anything, Steve?

Whang — Jai asked us to send her all of the flupyradifurone DERs. Do you have all of the toxicology
DERs on your computer you could send to Jai in an email? Otherwise | have to download each one
individually from IHAD for her. Thanks!

Kristin Rury

Risk Assessment Branch IlI

EPA Office of Pesticide Programs

Health Effects Division

Rury.Kristin@epa.gov

703-347-0112


mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=925CB954711F47A3A3F44886F09AB44F-RURY, KRISTIN
mailto:Rogala.Jessica@epa.gov
mailto:Phang.Whang@epa.gov
mailto:Olinger.Christine@epa.gov
mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=eaa31b4a592c48999b483373e81231cd-Stephen R. Funk

[image: ]

	Flupyradifurone/BYI-02960/PC Code 122304/B.7.8.  Livestock Feeding.



[bookmark: _Toc332713405][bookmark: _GoBack]

		Primary Evaluator

		

		Date: 02/17/2014



		

		Stephen Funk, Senior Scientist, RAB III

		



		Approved by

		

		Date:02/17/2014



		

		Christine Olinger, RAB III

		









Attached in OECD format are the Livestock Feeding Study reviews.



Volume 3



Annex B





Flupyradifurone











[bookmark: _Toc122504731][bookmark: _Toc122513684][bookmark: _Toc122513913][bookmark: _Toc148327775][bookmark: _Toc320810458][bookmark: _Toc322333278][bookmark: _Toc323720892]B.7.8 Livestock Feeding (Meat, Milk, Poultry, Eggs)

OCSPP 860.1480


B.7.8	Livestock Feeding

B.7.8.1	Poultry

		Reference:

		KIIA 6.4.1/01



		Report:

		BYI 02960 – Magnitude of the residue in laying hen. J.M.Wade and D.J.Netzband. 2012



		Report No. &
Document No.:

		RARVP041 
M-428933-02-1



		MRID:

		48843843



		Guidelines:

		– OPPTS 860.1480 – Meat/milk/poultry/eggs

– OECD Guideline 505

– APVMA Residue Guideline No. 1

– DACO 7.5 – Meat/milk/poultry/eggs

– OPPTS 860.1340 – Residue Analytical Method



		Testing Facility:

		Bayer CropScience

Environmental Safety

Bayer Research Park

17745 South Metcalf Avenue

Stilwell, KS 66085-9104

And

Genesis MidWest Laboratories 

N6230 Country Road G, Neillsville, WI 54456



		Testing Facility Report No.:

		RARVP041



		GLP:

		Yes 



		Study reliability:

		Fully reliable







B.7.8.1.1.  	Materials and Methods



B.7.8.1.1.1	Materials

		1.

		Test material

		BYI02960 technical



		

		Lot/Batch#:

		2009-000240



		

		Purity:

		99.3%



		

		Description:

		Solid (melting point 69o C)



		

		Stability of test compound:

		Not specified



		2.

		Test animals

		



		

		Species:

		Laying hen



		

		Gender:

		Female



		

		Strain:

		Leghorn (Gallus gallus domesticus)



		

		Age:

		34 weeks



		

		Weight at dosing:

Weight at termination:

		1152.7 – 1639.7 grams

1246.6 - 1729.5 grams



		

		Number of animals:

		84

Group 1Control (24, 6 subgroups)

Group 2 (12, 3 subgroups)

Group 3(12, 3subgroups)

Group 4(12, 3 subgroups)

Group 5 (24 hens, 6 subgroups, including depuration)



		

		Acclimation period:

		14 days



		

		Diet:

		16% Layer Poultry Ration (16.1% min crude protein, 4.7% min crude fat, 3.8% max crude fiber, 3.3%  - 4.0% calcium)



		

		Water:

		Fresh potable well water ad libitum



		

		Housing:

		4 – 5 birds/pen measuring 4’ x 4’ x 2’



		

		Husbandry:

		Examination by licensed veterinarian prior to study initiation.  Birds observed daily. Two birds died during the study as a result of prolapsed oviduct.



		

		Environmental conditions

		



		

		Temperature:

		20.3-28.3o C acclimation

18.5-26.2oC test

16.1-23.4o depuration



		

		Humidity:

		58-93% acclimation

50-88% test

56-93% depuration



		

		Air change:

		Not described



		

		Photoperiod:

		Not described







B.7.8.1.1.3	Study design and methods



1.	Dosing regime

		Oral

		Amount of dose:

Average

(Weekly average range)

		Group 1 (control)

		0 mg/kg feed

		0 mg a.s./kg b.w./day



		

		

		Group 2 

		1.5

(1.4-1.6)

		0.10

(0.09-0.13)



		

		

		Group 3

		6.5

(6.4-6.6)

		0.45

(0.43-0.51)



		

		

		Group 4

		19.4

(18.3-19.8)

		1.31

(1.27-1.45)



		

		

		Group 5

		65.1

(62.9-67.4)

		4.54

(4.18-4.84)



		Feed consumption:

		Average 128.0 g/bird/day (Range of averages by group- 125.4 – 134.1 g/bird/day)



		Vehicle:

		Capsule



		Timing:

		Daily in the morning after egg collection and feeding



		Duration:

		29 days







2. Sample collection

Eggs were collected twice daily (afternoon and morning).  The eggs collected in the afternoon from each sub-group were combined with the eggs collected the following morning from the same sub-group.  Excreta samples were also collected daily from select subgroups.  The entire sample from each sub-group was mixed at the end of the dosing period, and a subsample was homogenized for analysis. On day 29 of the study, twelve hens from the control and Group 5, and all hens in the Group 2-4 dose groups were sacrificed by CO2 asphyxiation within 24 hours of the administration of the final dose.  Liver (entire), muscle (thigh and breast), and fat (abdominal and subcutaneous) were collected and homogenized in the presence of dry ice. Twenty four hens (12 from the control group and 12 from Group 5) entered into a 21-day depuration phase following the administration of the final dose.  Egg and tissue samples were collected on study days 35, 42, and 49 for analysis.



B.7.8.1.1.3	Storage stability of samples

A summary of the storage intervals and storage conditions for the samples in this study are provided in Table B.7.8-1  All samples in this study were analyzed within 18 days of collection for residue of BYI 02960, DFA, BYI 02960-OH, and BYI 02960‑AMCP , therefore no further freezer storage stability data are required.



Table B.7.8-1:  Summary of Storage Conditions.

		Matrix

		Average Storage Temperature (°C)1

		Maximum Sample Storage Interval (days)2

		Limit of Demonstrated Storage Stability (days) 3

		



		Eggs

		-19.9

		12

		NA

		



		Fat

		-19.9

		11

		NA

		



		Liver

		-19.9

		11

		NA

		



		Muscle

		-19.9

		11

		NA

		



		Excreta

		-19.9

		18

		NA

		



		1 Storage Temperature is from receipt of the first samples at Bayer, through last analysis.



		2Maximum study duration = time from sample collection through the last sample analysis.



		3 NA – Not Applicable. Freezer storage stability is not required as all samples were stored less than 30 days prior to analysis.







B.7.8.1.1.4	Extraction and analysis

BYI 02960 and its metabolites were analytically determined using analytical method RV-004-A11-04, which was validated prior to and parallel to the residue analysis of the samples.  The LOQ was 0.01 mg/kg for all analytes (parent compound, DFA, BYI 02960-acetyl-AMCP, and BYI 02960-OH), expressed in BYI 02960 equivalents. 



Residues were extracted from poultry eggs, liver, and muscle samples by blending the sample with 4:1 (v:v) acetonitrile/water with 2.2 mL/L formic acid for about one minute. Residues in fat samples were extracted by shaking the sample with 4:1 (v:v) acetonitrile/water with 2.2 mL/L formic acid, then centrifuging. For all matrices, a mix of isotopically labeled internal standards was added to a 2-mL aliquot and was cleaned up on a C-18 Bond Elut cartridge. The sample was analyzed by high performance liquid chromatography/tandem mass spectrometry (LC-MS/MS).



Table B.7.8.1-2: Concurrent recovery data for parent and metabolites in poultry matrices.

		Matrix

		Analyte

		Recovery



		

		

		n

		Spiking

level1

(mg/kg)

		Recoveries (%)

		Min

		Max

		Mean

		RSD



		eggs

		BYI 02960

		17

		0.01

		113,115,118,103, 109,94,98,87,84,77,93, 76,115,94,84,94,84

		76

		118

		96

		14.2



		

		

		5

		4.0

		100,81,95,115,114

		81

		115

		101

		14.0



		

		DFA

		17

		0.01

		100,112,109,78,  87,74,81,76,78, 68,77,70,83,73, 79,76,71

		68

		112

		82

		15.9



		

		

		5

		4.0

		75,70,71,74,77

		70

		77

		73

		3.9



		

		BYI 02960-acetyl-AMCP

		16

		0.01

		84,97,89,120,92, 103,100,76,86,100,70, 89,99,104,91,90

		70

		120

		93

		12.7



		

		

		5

		4.0

		93,81,90,106,113

		81

		113

		97

		13.3



		

		BYI 02960-OH

		17

		0.01

		102,109,101,89,99, 90,96,83,90,72,95,89, 113,107,73,96,99

		72

		113

		94

		12.0



		

		

		5

		4.0

		102,89,96,106,104

		89

		106

		99

		7.0



		fat

		BYI 02960

		12

		0.01

		87,88,77,85,95,103,96, 94,88,93,75,105

		75

		105

		91

		9.5



		

		

		3

		4.0

		110,104,106

		104

		110

		107

		2.6



		

		DFA

		12

		0.01

		97,91,94,97,84,80,88,96, 83,85,75,74

		74

		97

		87

		9.4



		

		

		3

		4.0

		100,96,92

		92

		100

		96

		4.2



		

		BYI 02960-acetyl-AMCP

		12

		0.01

		119,81,96,85, 99,77,100, 92,95, 107,95,87

		77

		119

		94

		12.2



		

		

		3

		4.0

		109,111,108

		108

		111

		109

		1.4



		

		BYI 02960-OH

		12

		0.01

		95,106,100,87,100,88, 90,93,87,86,90,102

		86

		106

		94

		7.2



		

		

		3

		4.0

		117,113,118

		113

		118

		116

		2.1



		liver

		BYI 02960

		12

		0.01

		93,104,121,114,102, 114,90,94, 110,95,84,92

		84

		121

		101

		11.4



		

		

		3

		4.0

		112,102,100

		100

		112

		104

		6.2



		

		DFA

		12

		0.01

		75,90,83, 97, 89, 93,81, 103,84,77,78,82

		75

		103

		86

		10.2



		

		

		3

		4.0

		91,85,82

		82

		91

		86

		5.2



		

		BYI 02960-acetyl-AMCP

		12

		0.01

		108,112,116,117,96, 116,96,114,115,89,96,94

		89

		117

		106

		10.1



		

		

		3

		4.0

		115,100,99

		99

		115

		105

		8.4



		

		BYI 02960-OH

		12

		0.01

		84,85,120,83,74,88, 89, 97,101,72,91,71

		71

		120

		88

		15.6



		

		

		3

		4.0

		108,106,107

		106

		108

		107

		0.7



		muscle

		BYI 02960

		12

		0.01

		117,106,115,119, 96, 119,82,81,116,94,115,98

		81

		119

		105

		13.5



		

		

		3

		4.0

		108,112,108

		108

		112

		109

		2.1



		

		DFA

		12

		0.01

		91,95,101,85,82,92,88, 118,98,87,86,104

		82

		118

		95

		10.4



		

		

		3

		4.0

		86,83,80

		80

		86

		83

		3.6



		

		BYI 02960-acetyl-AMCP

		12

		0.01

		114,116,117,135, 103,119,118,116,110, 101,92,88

		88

		135

		111

		11.6



		

		

		3

		4.0

		108,107,101

		101

		108

		105

		3.5



		

		BYI 02960-OH

		12

		0.01

		100,112,114,97, 105,93,120,119, 111, 107, 107, 81

		81

		120

		106

		10.6



		

		

		3

		4.0

		108,112,110

		108

		112

		110

		1.8



		excreta

		BYI 02960

		8

		0.01

		87,110,104,91,112,109, 88,111

		87

		112

		102

		10.8



		

		

		3

		4.0

		98, 96, 93

		93

		98

		95

		2.6



		

		DFA

		8

		0.01

		118,110,103,114,112, 121, 99, 92

		92

		121

		109

		9.1



		

		

		3

		4.0

		86, 86, 88

		86

		88

		87

		1.3



		

		BYI 02960-acetyl-AMCP

		8

		0.01

		112,106, 98,101,99,108, 109,109

		98

		112

		105

		5.0



		

		

		3

		4.0

		98,91,91

		91

		98

		93

		4.3



		

		BYI 02960-OH

		8

		0.01

		102,104,100,110, 102,105,101,91

		91

		105

		102

		5.3



		

		

		3

		4.0

		97,99,91

		91

		99

		95

		4.4





1All concentrations are expressed in parent compound equivalents.



The overall mean of the recoveries for each analyte in all matrices was within the acceptable range of 70 to 120%, and the relative standard deviation (RSD) values were below 20%.  



B.7.8.1.2	Results and discussion



B.7.8.1.2.1	Eggs

Average total BYI 02960 residues in 2-, 4-, 7-, 10-, 14-, 17-, 21-, 24-, and 28-day egg samples, from the Group 5 (65 mg/kg feeding level)  were 0.42, 1.0, 1.1, 1.4, 1.1, 1.3, 1.4, 1.7, and 1.7 mg/kg, respectively.  The residue appears to have achieved a plateau on approximately day 10 for the 65 mg/kg feed group.

The predominant residue in whole eggs was difluoroacetic acid (DFA).  BYI02960, AMCP, and BYI102960 hydroxy were found in equal (+/-50%) amounts, but typically 10-20% each of the DFA concentration.




Table B.7.8-3:  Residues in Eggs following 29 Consecutive Daily Oral Doses of BYI 02960 at 65 mg/kg feed (Group 5).

		Sampling Day / Group

		BYI02960  (mg/kg)

		DFA 1(mg/kg)

		AMCP 1  (mg/kg)

		BYI02960 Hydroxy 1 (mg/kg)

		Total Residue (mg/kg)



		Eggs: LOQ 

		0.01

		0.01

		0.01

		0.01

		0.01



		0 Day/5

		<LOQ

		<LOQ

		<LOQ

		<LOQ

		<LOQ



		

		<LOQ

		<LOQ

		<LOQ

		<LOQ

		<LOQ



		

		<LOQ

		<LOQ

		<LOQ

		<LOQ

		<LOQ



		

		<LOQ

		<LOQ

		<LOQ

		<LOQ

		<LOQ



		

		<LOQ

		<LOQ

		<LOQ

		<LOQ

		<LOQ



		

		<LOQ

		<LOQ

		<LOQ

		<LOQ

		<LOQ



		2 Day/5

		0.057

		0.381

		0.018

		0.033

		0.489



		

		0.049

		0.345

		0.019

		0.023

		0.436



		

		0.034

		0.342

		0.023

		0.022

		0.420



		

		0.060

		0.358

		0.019

		0.023

		0.460



		

		0.036

		0.266

		0.014

		0.016

		0.332



		

		0.052

		0.310

		0.019

		0.024

		0.405



		4 Day/5

		0.038

		0.808

		0.037

		0.021

		0.904



		

		0.095

		1.000

		0.060

		0.041

		1.196



		

		0.053

		0.952

		0.051

		0.022

		1.078



		

		0.056

		0.977

		0.043

		0.020

		1.096



		

		0.051

		0.757

		0.038

		0.017

		0.863



		

		0.112

		0.896

		0.043

		0.038

		1.089



		7 Day/5

		0.047

		1.070

		0.042

		0.022

		1.180



		

		0.072

		1.100

		0.055

		0.041

		1.268



		

		0.044

		1.030

		0.044

		0.026

		1.144



		

		0.045

		1.070

		0.033

		0.022

		1.170



		

		0.057

		0.933

		0.041

		0.023

		1.054



		

		0.056

		0.930

		0.036

		0.020

		1.042



		10 Day/5

		0.062

		1.350

		0.053

		0.044

		1.508



		

		0.063

		1.260

		0.057

		0.040

		1.420



		

		0.070

		1.270

		0.059

		0.051

		1.450



		

		0.063

		1.340

		0.056

		0.042

		1.500



		

		0.048

		0.977

		0.039

		0.029

		1.094



		

		0.081

		1.070

		0.049

		0.040

		1.239



		14 Day/5

		0.077

		1.030

		0.041

		0.039

		1.187



		

		0.075

		1.120

		0.046

		0.049

		1.290



		

		0.068

		0.982

		0.043

		0.046

		1.139



		

		0.044

		1.030

		0.035

		0.026

		1.135



		

		0.043

		0.735

		0.027

		0.028

		0.833



		

		0.070

		0.934

		0.037

		0.038

		1.079



		17 Day /5

		0.091

		1.020

		0.040

		0.053

		1.204



		

		0.128

		1.320

		0.049

		0.078

		1.575



		

		0.082

		1.090

		0.047

		0.060

		1.278



		

		0.053

		1.240

		0.041

		0.035

		1.369



		

		0.065

		1.170

		0.039

		0.049

		1.323



		

		0.063

		1.180

		0.040

		0.052

		1.335



		21 Day/5

		0.055

		1.220

		0.044

		0.040

		1.359



		

		0.098

		1.200

		0.050

		0.065

		1.412



		

		0.081

		1.290

		0.041

		0.064

		1.476



		

		0.049

		1.230

		0.029

		0.036

		1.343



		

		0.055

		1.160

		0.046

		0.044

		1.305



		

		0.089

		1.110

		0.048

		0.052

		1.299



		24 Day/2

(1.5 mg/kg feed)

		<LOQ

		0.053

		<LOQ

		<LOQ

		0.059



		

		<LOQ

		0.049

		<LOQ

		<LOQ

		0.055



		

		<LOQ

		0.050

		<LOQ

		<LOQ

		0.056



		24 Day/3

(6.5 mg/kg feed)

		<LOQ

		0.158

		0.006

		<LOQ

		0.168



		

		<LOQ

		0.169

		0.006

		0.005

		0.181



		

		<LOQ

		0.137

		0.007

		0.003

		0.149



		24 Day/4

(19.4 mg/kg feed)

		0.011

		0.449

		0.014

		0.010

		0.483



		

		0.025

		0.508

		0.018

		0.016

		0.566



		

		0.020

		0.534

		0.018

		0.015

		0.586



		24 Day/5 (65 mg/kg feed)

		0.070

		1.390

		0.053

		0.048

		1.560



		

		0.069

		1.460

		0.068

		0.044

		1.641



		

		0.114

		1.580

		0.056

		0.058

		1.808



		

		0.096

		1.680

		0.087

		0.067

		1.930



		

		0.128

		1.470

		0.056

		0.063

		1.717



		

		0.125

		1.520

		0.060

		0.059

		1.764



		

		0.048

		1.350

		0.039

		0.034

		1.471



		

		0.054

		1.510

		0.042

		0.037

		1.642



		

		0.046

		1.390

		0.082

		0.043

		1.560



		

		0.050

		1.410

		0.056

		0.030

		1.546



		

		0.095

		1.570

		0.054

		0.059

		1.779



		

		0.085

		1.500

		0.059

		0.055

		1.699



		28 Day/2

(1.5 mg/kg feed)

		<LOD

		0.0508

		<LOD

		<LOD

		0.0568



		

		<LOD

		0.0394

		<LOD

		0.0031

		0.0470



		

		<LOD

		0.0498

		<LOD

		<LOD

		0.0558



		28 Day/3

(6.5 mg/kg feed)

		0.007

		0.171

		0.006

		0.009

		0.192



		

		0.004

		0.160

		0.008

		0.004

		0.176



		

		0.008

		0.158

		0.007

		0.009

		0.182



		28 Day/4 (19.4 mg/kg feed)

		0.020

		0.496

		0.013

		0.018

		0.547



		

		0.010

		0.474

		0.017

		0.011

		0.512



		

		0.040

		0.555

		0.016

		0.026

		0.637



		28 Day/5

(65 mg/kg feed)

		0.169

		1.370

		0.053

		0.082

		1.674



		

		0.167

		1.450

		0.064

		0.084

		1.766



		

		0.201

		1.670

		0.056

		0.103

		2.030



		

		0.185

		1.690

		0.067

		0.091

		2.033



		

		0.067

		1.540

		0.056

		0.050

		1.713



		

		0.069

		1.480

		0.052

		0.055

		1.657



		

		0.283

		1.420

		0.041

		0.089

		1.833



		

		0.243

		1.300

		0.034

		0.113

		1.690



		

		0.181

		1.310

		0.040

		0.093

		1.624



		

		0.144

		1.130

		0.039

		0.080

		1.393



		

		0.191

		1.320

		0.051

		0.077

		1.639



		

		0.174

		1.290

		0.056

		0.094

		1.614





1 Calculated as BYI02960 equivalents.



Egg and tissue samples were collected at day 35, 42, and 49 to measure residue decline. Average total BYI 02960 residues in eggs were 0.14 mg/kg (day 35), 0.013 mg/kg (day 42), and less than <0.01 mg/kg (day 49).






Table B.7.8-4   :  Residues in Eggs in the Depuration Phase.

		Sampling Day / Group

		BYI02960  (mg/kg)

		DFA 1

(mg/kg)

		AMCP1  (mg/kg)

		BYI02960 Hydroxy1 (mg/kg)

		Total Residue (mg/kg)



		Eggs LOQ

		0.01

		0.01

		0.01

		0.01

		0.04



		35 Day

(65 mg/kg feed)

		<LOQ

		0.1010

		<LOQ

		0.0039

		0.1162



		

		<LOQ

		0.1580

		<LOQ

		<LOQ

		0.1640



		

		<LOQ

		0.1320

		<LOQ

		0.0030

		0.1395



		42 Day

(65 mg.kg feed)

		<LOQ

		0.0064

		<LOQ

		<LOQ

		0.0124



		

		<LOQ

		0.0079

		<LOQ

		<LOQ

		0.0139



		49 Day (65 mg/kg feed)

		<LOQ

		<LOQ

		<LOQ

		<LOQ

		<LOQ





1 Calculated as BYI02960 equivalents.



B.7.8.1.2.2	Tissues



Table B.7.8-5:  Residues in Poultry Matrices After 29 Consecutive Daily Oral Doses of  BYI 02960.

		Sampling Day / Group

		BYI02960  (mg/kg)

		DFA1

(mg/kg)

		AMCP 1

(mg/kg)

		BYI02960 Hydroxy1  (mg/kg)

		Total Residue (mg/kg)



		Fat LOQ

		0.01

		0.01

		0.01

		0.01

		0.01



		29 Day/2

(1.5 mg/kg feed)

		<LOQ

		0.0350

		<LOQ

		<LOQ

		0.0390



		

		<LOQ

		0.0265

		<LOQ

		<LOQ

		0.0305



		

		<LOQ

		0.0253

		<LOQ

		<LOQ

		0.0293



		29 Day /3

6.5 mg/kg feed)

		<LOQ

		0.1130

		<LOQ

		<LOQ

		0.1170



		

		<LOQ

		0.1240

		<LOQ

		<LOQ

		0.1280



		

		<LOQ

		0.1150

		<LOQ

		<LOQ

		0.1190



		29 Day/4

(19.4 mg/kg feed)

		<LOQ

		0.2870

		0.0070

		<LOQ

		0.2965



		

		<LOQ

		0.2540

		0.0056

		<LOQ

		0.2621



		

		<LOQ

		0.2760

		0.0053

		<LOQ

		0.2838



		29 Day/5

(65 mg/kg feed)

		0.5550

		0.8580

		0.0182

		0.0152

		1.4464



		

		0.0086

		0.9710

		0.0166

		0.0023

		0.9985



		

		0.0134

		1.1900

		0.0291

		0.0137

		1.2462



		Liver LOQ:

		001

		0.01

		0.01

		0.01

		0.01



		29 Day/2

(1.5 mg/kg feed)

		<LOQ

		0.1120

		<LOQ

		<LOQ

		0.1160



		

		<LOQ

		0.1010

		<LOQ

		<LOQ

		0.1050



		

		<LOQ

		0.0988

		<LOQ

		<LOQ

		0.1024



		29 Day/3

(6.5 mg/kg feed)

		<LOQ

		0.4100

		0.0107

		<LOQ

		0.4232



		

		0.0115

		0.4040

		0.0108

		0.0144

		0.4407



		

		<LOQ

		0.4240

		0.0112

		<LOD

		0.4367



		29 Day/4 (19.4 mg//kg feed)

		<LOQ

		0.9570

		0.0222

		<LOD

		0.9817



		

		<LOQ

		1.0000

		0.0270

		0.0083

		1.0368



		

		<LOQ

		1.0800

		0.0257

		0.0047

		1.1119



		29 Day/5

(65 mg//kg feed)

		0.0614

		2.9700

		0.0625

		0.0728

		3.1667



		

		0.0060

		3.7400

		0.1000

		0.0259

		3.8719



		

		0.0293

		3.2300

		0.0851

		0.0557

		3.4001



		Muscle LOQ:

		0.01

		0.01

		0.01

		0.01

		0.01



		29 Day/2

(1.5 mg/kg feed)

		<LOQ

		0.0959

		0.0031

		<LOQ

		0.1025



		

		<LOQ

		0.0832

		<LOQ

		<LOQ

		0.0882



		

		<LOQ

		0.0694

		<LOQ

		<LOQ

		0.0743



		29 Day/3 (6.5 mg/kg feed)

		<LOQ

		0.2770

		0.0094

		<LOQ

		0.2899



		

		<LOQ

		0.2910

		0.0100

		<LOQ

		0.3045



		

		<LOQ

		0.3030

		0.0106

		<LOQ

		0.3171



		29 Day/4 (19.4 mg/kg feed)

		<LOQ

		0.6950

		0.0178

		<LOQ

		0.7163



		

		<LOQ

		0.6830

		0.0291

		0.0057

		0.7198



		

		0.0049

		0.7780

		0.0258

		0.0057

		0.8145



		29 Day/5 (65 mg/kg feed)

		0.0583

		1.5900

		0.0404

		0.0075

		1.6962



		

		0.0103

		2.5000

		0.0753

		0.0302

		2.6158



		

		0.0483

		2.7200

		0.0904

		0.0580

		2.9167





1Values reported in parent equivalents.



Tissue samples were collected at day 35, 42, and 49 to measure residue decline. As per Table B.7.8-6, average total BYI 02960 residues in fat declined from 0.056 mg/k (day 35) to 0.013 mg/kg by day 49. Average total BYI 02960 residues in the liver also declined from 0.089 mg/kg (day 35) to 0.006 mg/kg by day 49. Average total BYI 02960 residues in muscle were 0.055 mg/kg (day 35) and declined to 0.0065 mg/kg at day 49.



Table B.7.8-6   Residues in Fat, Liver, and Muscle in the Depuration Phase from Group 5 (65 

mg/kg feed)

		Sampling Day / Group

		BYI02960  (mg/kg)

		DFA 1

(mg/kg)

		AMCP1  (mg/kg)

		BYI02960 Hydroxy1 (mg/kg)

		Total Residue (mg/kg)



		Fat LOQ

		0.01

		0.01

		0.01

		0.01

		0.01



		35 Day

(65 mg/kg feed)

		<LOQ

		0.0407

		<LOQ

		<LOQ

		0.0564



		42 Day

(65 mg.kg feed)

		<LOQ

		0.0053

		<LOQ

		<LOQ

		0.0093



		49 Day (65 mg/kg feed)

		<LOQ

		0.0086

		<LOQ

		<LOQ

		0.0126



		Liver LOQ:

		0.01

		0.01

		0.01

		0.01

		0.01



		35 Day

(65 mg/kg feed)

		<LOQ

		0.0848

		<LOQ

		<LOQ

		0.0888



		42 Day

(65 mg.kg feed)

		<LOQ

		0.0078

		<LOQ

		<LOQ

		0.0118



		49 Day (65 mg/kg feed)

		<LOQ

		<LOQ

		<LOQ

		<LOQ

		0.0055



		Muscle LOQ:

		0.01

		0.01

		0.01

		0.01

		0.01



		35 Day

(65 mg/kg feed)

		<LOQ

		0.0502

		<LOQ

		<LOQ

		0.0550



		42 Day

(65 mg.kg feed)

		<LOQ

		0.0060

		<LOQ

		<LOQ

		0.0110



		49 Day (65 mg/kg feed)

		<LOQ

		<LOQ

		<LOQ

		<LOQ

		0.0065





a  Values reported in parent equivalents.



DFA residues represented 65% to 74% of the total residues of BYI 02960 in the excreta samples, suggesting significant exposure of the laying hens to DFA following the daily oral administration of BYI 02960 over 29 days. 






Table B.7.8-7:   Residues in Excreta following 29 Consecutive Daily Oral Doses of BYI 02960.

		Sampling Day / Group

		BYI02960  (mg/kg)

		DFA1

(mg/kg)

		AMCP 1 (mg/kg)

		BYI02960 Hydroxy1  (mg/kg)

		Total Residue (mg/kg)



		Excreta LOD:

		0.003

		0.002

		0.003

		0.002

		0.003



		29 Day/2

(1.5 mg/kg feed)

Subgroup A Composite

		0.0465

		1.0900

		0.0127

		0.4600

		1.6092



		

		0.0538

		1.1000

		0.0118

		0.4400

		1.6056



		

		0.0420

		1.1000

		0.0106

		0.5180

		1.6706



		Average

		1.628



		29 Day/2(1.5 mg.kg feed)  Subgroup B Composite

		0.0361

		1.0600

		0.0100

		0.4960

		1.6021



		

		0.0370

		1.0900

		0.0131

		0.4360

		1.5761



		

		0.0362

		1.0800

		0.0101

		0.4570

		1.5833



		Average

		1.587



		29 Day/2

(1.5 mg/kg feed) Subgroup C Composite

		0.0340

		1.2400

		0.0156

		0.5030

		1.7926



		

		0.0382

		1.2700

		0.0139

		0.5490

		1.8711



		

		0.0383

		1.2300

		0.0197

		0.5210

		1.8090



		Average

		1.824



		29 Day/5

(65 mg/kg feed)

Subgroup A Composite

		0.4310

		8.2200

		0.1020

		3.6000

		12.3530



		

		0.4150

		7.9200

		0.1170

		3.7000

		12.1520



		

		0.4680

		8.6200

		0.1190

		4.2300

		13.4370



		Average

		12.647



		29 Day 5

(65 mg/kg feed)

Subgroup B Composite

		0.8530

		9.4000

		0.1150

		3.9900

		14.3580



		

		0.9150

		9.7100

		0.1190

		4.2700

		15.0140



		

		0.7680

		9.3700

		0.1260

		3.7000

		13.9640



		Average

		14.445



		29 Day 5

(65 mg/kg feed)

Subgroup B Composite

		0.6270

		11.100

		0.1470

		3.1000

		14.9740



		

		0.5430

		10.900

		0.1370

		3.5100

		15.0900



		

		0.6440

		11.900

		0.1450

		3.3700

		16.0590



		Average

		15.374





1 Values reported in parent equivalents.



B.7.8.1.3	Conclusion



Overall consistent residue behavior was found in laying hens for dosing and sampling conducted according to the targeted dosing levels, providing data appropriate for assessing transfer of residues to the animal commodities of eggs, muscle, liver, and fat.
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Table B.7.8-8:   Summary of Total BYI 02960 Residues, Expressed as Parent Equivalents in Poultry Tissues.

		Matrices

		Sampling Day/Feeding level (mg/kg feed)

		Residues (mg/kg)



		

		

		Min

		Max

		Mean

		SDEV



		Fat

		29d/1.5

		0.0293

		0.039

		0.033

		0.005



		

		29d/6.5

		0.177

		0.128

		0.1213

		0.006



		

		29d/19.4

		0.2621

		0.2965

		0.2808

		0.017



		

		29d/65

		0.9985

		1.4464

		1.230

		0.224



		

		35d/65

		0.0564

		0.0564

		NA

		NA



		

		42d/65

		0.001

		0.001

		NA

		NA



		

		49d/65

		0.0126

		0.0126

		NA

		NA



		Liver

		29d/1.5

		0.1024

		0.116

		0.1077

		0.007



		

		29d/6.5

		0.4232

		0.4407

		0.4335

		0.009



		

		29d/19.4

		0.9817

		1.1119

		1.043

		0.065



		

		29d/65

		3.1667

		3.8719

		3.480

		0.359



		

		35d/65

		0.0888

		0.0888

		NA

		NA



		

		42d/65

		0.0118

		0.0118

		NA

		NA



		

		49d/65

		0.0055

		0.0055

		NA

		NA



		Muscle

		29d/1.5

		0.0743

		0.1025

		0.0883

		0.014



		

		29d/6.5

		0.2889

		0.3171

		0.3038

		0.014



		

		29d/19.4

		0.7163

		0.8145

		0.7505

		0.056



		

		29d/65

		1.6962

		2.9167

		2.410

		0.636



		

		35d/65

		0.055

		0.055

		NA

		NA



		

		42d/65

		0.011

		0.011

		NA

		NA



		

		49d/65

		0.0065

		0.0065

		NA

		NA





B.7.8.2		Lactating ruminants (goat or cow)

		Reference:

		KIIA 6.4.2/01



		Report:

		BYI 02960 – Magnitude of the residue in dairy cows. S.M. Moore and A. M. Harbin. 2012 



		Report No. &
Document No.:

		RARVP050 
M-428416-02-1



		MRID:

		48843842



		Guidelines:

		– OPPTS 860.1480 – Meat/milk/poultry/eggs

– OECD Guideline 505

– APVMA Residue Guideline No. 23

– DACO 7.5 – Meat/milk/poultry/eggs



		Testing Facility:

		Bayer CropScience

Environmental Research

Bayer Research Park

17745 South Metcalf Avenue

Stilwell, KS 66085-9104

and

Southwest Bio-Labs, Inc.(SBL)

401 N. 17th St., Suite 11

Las Cruces, NM 88005



		Testing Facility Report No.:

		RARVP050-1



		GLP:

		Yes



		Study reliability:

		Fully reliable







B.7.8.2.1.  	Materials and Methods



B.7.8.2.1.1:	Materials

		1.

		Test material

		BYI02960 technical



		

		Lot/Batch#:

		2009-000240



		

		Purity:

		99.3%



		

		Description:

		Powder (melting point 69o C)



		

		Stability of test compound:

		Not specified



		2.

		Test animals

		



		

		Species:

		Lactating dairy cow (Bos Taurus)



		

		Gender:

		Female



		

		Strain:

		Holstein



		

		Age:

		2.5 – 3.5 years



		

		Weight at dosing:

Weight at termination:

		461.7 kg – 612.8 kg (1018 lb – 1351 lb)

453.1 kg- 583.3 kg (999 lb-1286 lb)



		

		Number of animals:

		19

Group 1 Control (2)

Group 2 (4)

Group 3(3

Gorup 4 (3)

Group 5 (7)



		

		Acclimation period:

		14 days



		

		Diet:

		Mixed ration for dairy cows consisting of ground corn, canola meal, barley, mineral, milo, soy hulls, dry distillers grain, cottonseed, ground pima, beet pulp, molasses, and alfalfa. Moisture content 84.08 – 86.25%.   Ad libitum.



		

		Water:

		Fresh potable water ad libitum



		

		Housing:

		Outdoor sand floor pipe pens, minimum size 30 ft X 10 ft



		

		Husbandry:

		Examination by licensed veterinarian prior to study initiation.  Cows observed during the study. Two cows had a nervous temperament; one cow has a nasal discharge.



		

		Environmental conditions

		



		

		Temperature:

		2.2o C – 18.9o C



		

		Humidity:

		26-68%



		

		Air change:

		Not described (outside housing)



		

		Photoperiod:

		Not described (outside housing)







B.7.8.2.1.2:	Study design and methods

1.	Dosing regime

		Parameters

		Amount of dose:

Average

(Per cow average in specific group)

		Group

		mg/kg feed (dw)

		mg a.i./kg b.w./day



		Oral

(balling gun)

		

		1 (control)

		0

		0



		

		

		2

		4.84 (4.57-5.30 )

		0.184



		

		

		3

		23.1 (21.8-24.1)

		0.896



		

		

		4

		49.5 (48.2-50.7)

		1.83



		

		

		5

		135 (112-144)

		4.89



		Feed consumption:

		Overall average 20.2 kg/cow/day (dry weight)

Group 1:  23.3; Group 2: 20.8 kg; Group 3: 21.2 kg; Group 4: 19.2 kg; Group 5: 21.0 kg



		Vehicle:

		Capsule



		Timing:

		Daily in the morning after milking



		Duration:

		28 days







2. Sample collection

Milk was collected twice daily from all dose groups and was a composite sample of the evening milk and the following morning milk prior to administration of the daily dose. Milk was subsampled for analysis from the 4.9-fold group on Days 0, 2, 4, 7, 10, 14, 17, 19, 25, and 28, and from groups 2, 3, 4, and 5 on Day 28. A portion of the Day 25 milk sample, from a single control and three of the Group 5 dose group, was processed into cream (milk fat) and whey (skim milk) for analysis. Urine was collected from Group 2 and Group 5 cows (n=1 from each group) and pooled by week, composited, and subsampled for analysis.



On Day 29, one of the control cows (Group 1), all of the Groups 2, 3, and 4 cows, and four of the Group 5 dose group cows were sacrificed.  Representative samples of liver (each lobe), kidney (center and ends), fat (approximately equal composite of omental, renal, and subcutaneous), and muscle (composite of loin, round, and flank) were collected.  The tissue samples were homogenized in the presence of dry ice and the homogenized samples were placed in a freezer prior to shipping. The remaining cows (one control and three from the Group 5 dose level) entered the depuration phase of the study, and were sacrificed 3, 7, and 14 days post-dosing (Days 32, 36, and 43). One cow from Group 5 was sacrificed at each interval and the control cow (Group 1) was sacrificed on Day 43. Milk from Days 30, 31, and 35 and tissues from the cow sacrificed at each interval were analyzed to monitor the decline of BYI 02960 residues.



B.7.8.2.1.3	Storage stability of samples

A summary of the storage intervals and storage conditions for the samples in this study are provided in Table B.7.8-8.  The tissue and milk samples in this study were analyzed within 25 days of collection for residue of BYI 02960, BYI 02960-OH, and BYI 02960‑AMCP. Therefore, no further freezer storage stability data are required.  Samples of fat, kidney, liver, and muscle were stored under freezer conditions for 41 days prior to analysis for DFA residues.  Freezer storage stability data for DFA residue in tissues showed DFA residue was stable (≤3% decomposition) in fat, kidney, liver, and muscle for 43 days at -15ºC.
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Matrix (RAC)



		Storage

Temperature

(°C)1

		Duration BYI 02960, BYI 02960-OH, BYI 02960-AMCP

(days)2

		Actual

Study Duration

DFA

(days)2

		Limit of Demonstrated Storage Stability BYI 02960, BYI 02960-OH, BYI 02960-AMCP

(days)

		Limit of Demonstrated Storage Stability

DFA

(days)



		 Milk

		-15

		16

		25

		NA3

		 NA3



		Cream

		-15

		11

		11

		NA3

		 NA3



		Whey

		-15

		5

		7

		NA3

		 NA3



		Fat

		-15

		14

		40

		NA3

		43



		Kidney

		-15

		22

		41

		NA3

		43



		Liver

		-15

		21

		37

		NA3

		43



		Muscle

		-15

		19

		41

		NA3

		43



		Urine

		-15

		33

		33

		NA4

		  NA4





1	Storage Temperature is from receipt of samples in the analytical laboratory through analysis. Samples were stored frozen at ≤-20 ºC during the interval at Southwest Bio-Labs, and shipped on dry ice to BRP via overnight carrier. 

2	Duration = time from sample collection through the last sample extraction.

3	Freezer storage stability data are not required since these samples were stored less than 30 days prior to analysis.

4	Urine was stored under freezer conditions for longer than 30 days prior to analysis; however, urine is not a required matrix for data collection and tolerance enforcement and does not require stability data.

B.7.8.2.1.4	Extraction and analysis

Residues of BYI02960, BYI02960-OH, BYI 02960-AMCP, and DFA were extracted from cow matrices by diluting liquid matrices (milk, whey, cream, and urine) or blending tissue matrices (fat, muscle, kidney, and liver matrices) with acetonitrile/water/formic acid. Extracts were purified and amended with a mixture of stable, isotopically labeled internal standards prior to analysis by high performance liquid chromatography/tandem mass spectrometry (HPLC-MS/MS). The analytical method was RV-004-A11-04, which was validated prior to and parallel to the residue analysis of the samples.  The LOQ was 0.01 mg/kg for all analytes (parent compound, BYI 02960-acetyl-AMCP, and BYI 02960-OH), except for DFA, which was 0.02 mg/kg (0.05 mg/kg in whey).  All values are expressed in BYI 02960 equivalents. 

Although mean recoveries of DFA spiked at 0.050 mg/kg in cow liver and muscle averaged 68% and 66%, respectively, the overall mean of the recoveries for each analyte in all matrices was within the acceptable range of 70 to 110%, and the relative standard deviation (RSD) values were below 20%. The concurrent recovery data demonstrated acceptable method performance for all matrices.



Table B.7.8-9:	Concurrent recovery data for various residues of BYI 02960 in bovine matrices.

		Matrix

		Analyte

		n

		Spiking level

(mg/kg)

		Recoveries (%)



		

		

		

		

		Individual Recoveries

		Min

		Max

		Mean

		SDEV



		milk

		BYI 02960

		7

		0.010

		109,109,108, 110,108,107,102

		102

		110

		108

		2



		

		

		1

		0.0250

		107

		107

		107

		

		



		

		

		5

		0.050

		10,102,97, 105, 105

		97

		105

		102

		3



		

		

		5

		0.10

		103, 109 ,104, 97, 98

		97

		109

		102

		5



		

		

		1

		0.250

		103

		103

		103

		

		



		

		

		3

		2.0

		100, 102 ,103

		100

		103

		102

		2



		

		difluoroacetic acid

		7

		0.020

		85,88,80,88,92, 76, 84

		76

		88

		85

		6



		

		

		7

		0.050

		81,77,78,89,91, 93, 93

		77

		93

		86

		8



		

		

		5

		0.20

		91, 92 ,94, 97, 89

		91

		97

		93

		3



		

		

		3

		0.40

		85, 85 ,93

		85

		93

		88

		5



		

		BYI 02960-acetyl-AMCP

		7

		0.010

		103,105,104,104, 109 106, 101

		101

		109

		105

		2



		

		

		1

		0.0250

		112

		112

		112

		

		



		

		

		5

		0.050

		103, 102 ,103, 109, 107

		102

		109

		105

		3



		

		

		5

		0.10

		108, 112 ,107, 101, 100

		100

		112

		106

		5



		

		

		1

		0.250

		103

		103

		103

		

		



		

		

		3

		2.0

		98, 99 ,99

		98

		99

		99

		1



		

		BYI 02960-OH

		7

		0.010

		115,110,111,105, 113 110, 108

		105

		115

		110

		3



		

		

		1

		0.0250

		106

		106

		106

		

		



		

		

		5

		0.050

		101, 104 ,100, 106, 106

		100

		106

		103

		3



		

		

		5

		0.10

		110, 108 ,105, 98, 98

		98

		110

		104

		5



		

		

		1

		0.250

		105

		105

		105

		

		



		

		

		3

		2.0

		101, 105 ,101

		101

		105

		102

		2



		cream

		BYI 02960

		7

		0.010

		109,112,107,118,105 110, 106

		105

		118

		110

		4



		

		

		3

		0.10

		109, 107 ,113

		107

		113

		110

		3



		

		

		3

		1.0

		111, 109 ,111

		109

		111

		110

		1



		

		difluoroacetic acid

		7

		0.020

		103, 95 ,89, 93, 85 103, 96

		85

		103

		95

		7



		

		

		3

		0.20

		101, 102 ,106

		101

		106

		103

		3



		

		BYI 02960-acetyl-AMCP

		7

		0.010

		106, 108 ,102, 113, 93,98,93

		93

		113

		102

		8



		

		

		3

		0.10

		111, 111 ,114

		111

		114

		112

		2



		

		

		3

		1.0

		114, 109 ,115

		109

		115

		113

		3



		

		BYI 02960-OH

		7

		0.010

		116,115,113,124, 107 109, 111

		107

		124

		114

		5



		

		

		3

		0.10

		110, 111 ,113

		110

		113

		111

		1



		

		

		3

		1.0

		114, 111 ,114

		111

		114

		113

		2



		whey

		BYI 02960

		7

		0.010

		98, 99 ,10, 98, 105 ,101, 104

		98

		105

		101

		3



		

		

		7

		0.0250

		104,106,102,102, 101 102, 106

		101

		106

		103

		2



		

		

		3

		0.10

		101, 102 ,102

		101

		102

		102

		1



		

		

		3

		0.250

		105, 103 ,104

		103

		105

		104

		1



		

		

		3

		1.0

		102, 100 ,104

		100

		104

		102

		2



		

		difluoroacetic acid

		7

		0.050

		96,94,95,95, 87,96,89

		87

		96

		93

		4



		

		

		3

		0.50

		102, 94 ,99

		94

		102

		98

		4



		

		BYI 02960-acetyl-AMCP

		7

		0.010

		99,10,102,103, 104 103, 106

		99

		106

		102

		2



		

		

		3

		0.10

		102, 102 ,103

		102

		103

		102

		1



		

		BYI 02960-OH

		7

		0.010

		104,104,104,104, 102 100, 103

		100

		104

		103

		1



		

		

		7

		0.0250

		107,112,104,109, 107 108, 107

		104

		112

		108

		2



		

		

		3

		0.10

		101, 100,102

		100

		102

		101

		1



		

		

		3

		0.250

		106, 112 ,107

		106

		112

		108

		3








		Matrix

		Analyte

		n

		Spiking level

(mg/kg)

		Recoveries (%)



		

		

		

		

		Individual Recoveries

		Min

		Max

		Mean

		SDEV



		fat

		BYI 02960

		7

		0.010

		104,101,105,96, 107 106, 103

		96

		107

		103

		4



		

		

		2

		0.050

		93, 100

		93

		100

		97

		 



		

		

		5

		0.10

		97, 100 ,101, 105, 96

		96

		105

		100

		4



		

		

		3

		1.50

		92, 95 ,99

		92

		99

		95

		4



		

		difluoroacetic acid

		7

		0.020

		81, 96 ,88, 95, 92,86, 87

		81

		96

		89

		6



		

		

		2

		0.050

		89, 93

		89

		93

		91

		 



		

		

		5

		0.60

		88, 89 ,90, 86, 91

		88

		91

		89

		2



		

		BYI 02960-acetyl-AMCP

		7

		0.010

		94, 97 ,10, 98, 99, 97, 96

		94

		100

		97

		2



		

		

		2

		0.050

		97, 98

		97

		98

		98

		 



		

		

		5

		0.10

		96, 98 ,101, 110, 99

		96

		110

		101

		5



		

		

		3

		1.50

		101, 102 ,106

		101

		106

		103

		3



		

		BYI 02960-OH

		7

		0.010

		106,107,109,101, 108 107, 105

		101

		109

		106

		2



		

		

		2

		0.050

		98, 105

		98

		105

		102

		 



		

		

		5

		0.10

		97, 101 ,106, 105,97

		97

		106

		101

		4



		

		

		3

		1.50

		94, 97 ,98

		94

		98

		96

		2



		kidney

		BYI 02960

		7

		0.010

		98,99,95,91,94, 98, 95

		91

		99

		96

		3



		

		

		3

		0.050

		93, 87 ,98

		87

		98

		93

		6



		

		

		5

		0.10

		96, 96 ,94, 93, 98

		93

		98

		95

		2



		

		

		3

		6.0

		90, 92 ,97

		90

		97

		93

		4



		

		difluoroacetic acid

		7

		0.020

		74,73,74,79,66, 69, 66

		66

		79

		72

		7



		

		

		2

		0.050

		69, 72

		69

		72

		71

		 



		

		

		5

		0.80

		84, 79,84, 71,72

		71

		84

		78

		8



		

		BYI 02960-acetyl-AMCP

		7

		0.010

		102, 103 ,105, 99, 99 99, 96

		96

		105

		100

		3



		

		

		3

		0.050

		100, 94 ,90

		90

		100

		95

		5



		

		

		5

		0.10

		98, 99 ,97, 96, 96

		96

		99

		97

		1



		

		

		3

		6.0

		91, 93 ,95

		91

		95

		93

		2



		

		BYI 02960-OH

		7

		0.010

		101, 90 ,99, 94, 90 105, 98

		90

		105

		97

		6



		

		

		3

		0.050

		97, 93 ,95

		93

		97

		95

		2



		

		

		5

		0.10

		98, 98 ,98, 93, 97

		93

		98

		97

		2



		

		

		3

		6.0

		95, 94 ,100

		94

		100

		96

		3



		
liver

		BYI 02960

		7

		0.010

		98, 90 ,89, 93, 91,85, 84

		84

		98

		90

		5



		

		

		3

		0.050

		96, 98 ,96

		96

		98

		97

		1



		

		

		5

		0.10

		87, 88 ,91, 93, 93

		87

		93

		90

		3



		

		

		3

		4.0

		90, 93 ,91

		90

		93

		91

		2



		

		difluoroacetic acid

		7

		0.020

		87, 75 ,97, 68, 73,73, 82

		68

		97

		79

		13



		

		

		2

		0.050

		64, 72

		64

		72

		68

		 



		

		

		5

		0.60

		79, 80 ,89, 67, 68

		67

		89

		77

		12



		

		BYI 02960-acetyl-AMCP

		7

		0.010

		99, 85 ,104, 93, 98 86, 80

		80

		104

		92

		9



		

		

		3

		0.050

		103, 109 ,95

		95

		109

		102

		7



		

		

		5

		0.10

		93, 92 ,98, 95, 91

		91

		98

		94

		3



		

		

		3

		4.0

		93, 94 ,94

		93

		94

		94

		1



		

		BYI 02960-OH

		7

		0.010

		93, 88 ,88, 90, 95,90, 87

		87

		95

		90

		3



		

		

		3

		0.050

		98, 100 ,93

		93

		100

		97

		4



		

		

		5

		0.10

		91, 91 ,92, 91, 93

		91

		93

		92

		1



		

		

		3

		4.0

		97, 98 ,95

		95

		98

		97

		2












		Matrix

		Analyte

		n

		Spiking Level (mg/kg)

		Recovery (%) a



		

		

		

		

		Individual recoveries

		Min

		Max

		Mean

		RSD



		muscle

		BYI 02960

		7

		0.010

		92, 97 ,92, 100, 96 98, 100

		92

		100

		96

		3



		

		

		2

		0.050

		95, 99

		95

		99

		97

		 



		

		

		5

		0.10

		93, 98 ,93, 87, 95

		87

		98

		93

		4



		

		

		3

		2.0

		92, 90 ,89

		89

		92

		90

		2



		

		difluoroacetic acid

		7

		0.020

		66, 71 ,76, 76, 77,78, 73

		66

		78

		74

		6



		

		

		3

		0.050

		71, 78 ,70

		70

		78

		73

		6



		

		

		5

		0.50

		67, 65 ,73, 61, 66

		61

		73

		66

		7



		

		BYI 02960-acetyl-AMCP

		7

		0.010

		89, 101 ,92, 98, 98 101, 99

		89

		101

		97

		5



		

		

		2

		0.050

		95, 103

		95

		103

		99

		 



		

		

		5

		0.10

		93, 103 ,91, 91, 94

		91

		103

		94

		5



		

		

		3

		2.0

		96, 96 ,95

		95

		96

		96

		1



		

		BYI 02960-OH

		7

		0.010

		93, 100 ,106, 95, 101 ,101, 99

		93

		106

		99

		4



		

		

		2

		0.050

		117, 96

		96

		117

		107

		 



		

		

		5

		0.10

		96, 101 ,94, 88, 94

		88

		101

		95

		5



		

		

		3

		2.0

		92, 92 ,92

		92

		92

		92

		0



		urine

		BYI 02960

		7

		0.010

		102,104,103,103, 104 ,103, 101

		101

		104

		103

		1



		

		

		3

		0.10

		102, 102 ,102

		102

		102

		102

		0



		

		

		3

		40.0

		109, 103 ,104

		103

		109

		105

		3



		

		difluoroacetic acid

		7

		0.020

		78, 85 ,67, 73, 79,70, 76

		67

		85

		75

		8



		

		

		3

		0.20

		92, 91 ,92

		91

		92

		92

		1



		

		

		3

		5.0

		106, 102 ,101

		101

		106

		103

		3



		

		BYI 02960-acetyl-AMCP

		7

		0.010

		112,119,106,109, 113 ,111, 110

		106

		119

		111

		4



		

		

		3

		0.10

		108, 109 ,107

		107

		109

		108

		1



		

		

		3

		40.0

		109, 105 ,107

		105

		109

		107

		2



		

		BYI 02960-OH

		7

		0.010

		109,116,110,108, 113 ,113, 112

		108

		116

		112

		2



		

		

		3

		0.10

		107, 105 ,105

		105

		107

		106

		1



		

		

		3

		40.0

		110, 106 ,105

		105

		110

		107

		2





1All concentrations are expressed in parent compound equivalents.



B.7.8.2.2	Results and discussion



B.7.8.2.2.1	Milk

The total BYI 02960 residues in milk from Group 5 (135 mg/kg feed)  reached plateau levels within two to four days of consecutive dosing and declined rapidly, from 0.811 mg/kg to <LOQ at 6 days after cessation of dose administration.   The residue in milk was primarily (60%-90%) BYI02960.



In addition to the general testing, day-25 milk samples from Group 5 were separated into cream and whey, in order to determine if the residues preferentially collect in more aqueous or fatty compartments.  The processing/transfer factors (PF) for the total residue (four components) indicated a very slight preference for more aqueous conditions, with a PF of 1.15 to whey and 0.79 to cream.  These factors were also representative for the 2 analytes of interest, BYI 02960 (parent) and DFA.






Table 7.8.2-10:  Residue Data in Milk, Cream, and Whey. 

		Sampling Day 

		DFA

 (mg/kg)

		BYI 02960 (mg/kg)

		BYI 02960-OH 

(mg/kg)

		BYI 02960-AMCP (mg/kg)

		Total BYI 02960 Residue (mg/kg)



		MILK : Group 5 Treated Dairy Cows (average 135 mg/kg in the feed)



		2 Day 

		0.087

		0.840

		<0.010

		<0.010

		0.934



		

		0.080

		0.774

		<0.010

		<0.010

		0.861



		

		0.092

		0.895

		<0.010

		<0.010

		0.991



		

		0.078

		0.625

		<0.010

		<0.010

		0.707



		

		0.074

		0.619

		<0.010

		<0.010

		0.696



		

		0.062

		0.840

		<0.010

		<0.010

		0.904



		

		0.091

		0.630

		<0.010

		<0.010

		0.724



		Average

		0.831



		4 Day 

		0.108

		0.832

		<0.010

		<0.010

		0.947



		

		0.114

		0.674

		<0.010

		<0.010

		0.794



		

		0.128

		0.977

		<0.010

		<0.010

		1.110 



		

		0.052

		0.358

		<0.010

		<0.010

		0.413



		

		0.144

		0.739

		<0.010

		<0.010

		0.888



		

		0.088

		0.844

		<0.010

		<0.010

		0.936



		

		0.098

		1.656 

		<0.010

		<0.010

		1.758



		Average

		0.978



		7 Day / 

		0.106

		0.714

		<0.010

		<0.010

		0.828



		

		0.105

		0.665

		<0.010

		<0.010

		0.776



		

		0.135

		0.763

		<0.010

		<0.010

		0.902



		

		0.104

		0.480

		<0.010

		<0.010

		0.588



		

		0.236

		0.812

		<0.010

		<0.010

		1.056 



		

		0.115

		0.905

		<0.010

		<0.010

		1.024 



		

		0.163

		0.476

		<0.010

		<0.010

		0.640



		Average

		0.830



		10 Day 

		0.107

		0.800

		<0.010

		<0.010

		0.916



		

		0.112

		0.708

		<0.010

		<0.010

		0.827



		

		0.159

		0.983

		<0.010

		<0.010

		1.146



		

		0.096

		0.547

		<0.010

		<0.010

		0.649



		

		0.232

		0.844

		<0.010

		<0.010

		1.083



		

		0.127

		0.727

		<0.010

		<0.010

		0.858



		

		0.127

		0.733

		<0.010

		<0.010

		0.862



		Average

		0.906



		14 Day 

		0.129

		0.885

		<0.010

		<0.010

		1.022



		

		0.126

		0.752

		<0.010

		<0.010

		0.886



		

		0.166

		0.915

		<0.010

		<0.010

		1.086



		

		0.100

		0.696

		<0.010

		<0.010

		0.803



		

		0.249

		0.681

		<0.010

		<0.010

		0.935



		

		0.153

		0.756

		<0.010

		<0.010

		0.912



		

		0.135

		0.799

		<0.010

		<0.010

		0.938



		Average

		0.940



		17 Day 

		0.119

		0.896

		<0.010

		<0.010

		1.023



		

		0.121

		0.745

		<0.010

		<0.010

		0.873



		

		0.156

		0.996

		<0.010

		<0.010

		1.157 



		

		0.102

		0.554

		<0.010

		<0.010

		0.662



		

		0.241

		1.019 

		<0.010

		<0.010

		1.267



		

		0.125

		0.886

		<0.010

		<0.010

		1.016



		

		0.135

		0.720

		<0.010

		<0.010

		0.858



		Average

		0.979



		19 Day 

		0.109

		0.888

		<0.010

		<0.010

		1.005



		

		0.112

		0.746

		<0.010

		<0.010

		0.865



		

		0.149

		0.888

		<0.010

		<0.010

		1.041



		

		0.100

		0.742

		<0.010

		<0.010

		0.849



		

		0.185

		1.102  

		<0.010

		<0.010

		1.292



		

		0.110

		0.850

		<0.010

		<0.010

		0.964



		

		0.145

		0.556

		<0.010

		<0.010

		0.704



		Average

		0.960



		25 Day 



		0.092

		0.689

		<0.010

		<0.010

		0.787



		

		0.093

		0.666

		<0.010

		<0.010

		0.765



		

		0.141

		0.730

		<0.010

		<0.010

		0.874



		

		0.095

		0.595

		<0.010

		<0.010

		0.696



		

		0.192

		0.532

		<0.010

		<0.010

		0.727



		

		0.095

		0.707

		<0.010

		<0.010

		0.804



		

		0.094

		0.636

		<0.010

		<0.010

		0.733



		Average

		0.770



		28 Day 

		0.094

		0.695

		<0.010

		<0.010

		0.796



		

		0.099

		0.671

		<0.010

		<0.010

		0.778



		

		0.136

		0.919

		<0.010

		<0.010

		1.059



		

		0.100

		0.615

		<0.010

		<0.010

		0.721



		

		0.168

		0.654

		<0.010

		<0.010

		0.827



		

		0.106

		0.854

		<0.010

		<0.010

		0.964



		

		0.266

		0.826

		<0.010

		<0.010

		1.096



		Average

		0.892



		MILK : Group 4 Treated Dairy Cows (average 49.6 mg/kg in the feed)



		28 Day

		0.046

		0.290

		<0.010

		<0.010

		0.338



		

		0.042

		0.238

		<0.010

		<0.010

		0.282



		

		0.035

		0.273

		<0.010

		<0.010

		0.310



		Average

		0.310



		MILK : Group 3 Treated Dairy Cows (average 23.1 mg/kg in the feed)



		28 Day

		0.023

		0.125

		<0.010

		<0.010

		0.149



		

		<0.020

		0.109

		<0.010

		<0.010

		0.125



		

		<0.020

		0.090

		<0.010

		<0.010

		0.100



		Average

		0.125



		MILK : Group 2 Treated Dairy Cows (average 4.81 mg/kg in the feed)



		28 Day

		<0.020

		0.025

		<0.010

		<0.010

		<0.050



		

		<0.020

		0.026

		<0.010

		<0.010

		<0.050



		

		<0.020

		0.023

		<0.010

		<0.010

		<0.050



		

		<0.020

		0.019

		<0.010

		<0.010

		<0.050



		Average

		<0.050



		MILK: Depuration Phase



		29 Day 

		0.141

		0.651

		<0.010

		<0.010

		0.799



		

		0.165

		0.606

		<0.010

		<0.010

		0.775



		

		0.113

		0.743

		<0.010

		<0.010

		0.859



		Average:

		0.811



		30 Day Depuration

		0.063

		0.063

		<0.010

		<0.010

		0.127



		

		0.104

		0.043

		<0.010

		<0.010

		0.148



		

		0.067

		0.071

		<0.010

		<0.010

		0.139



		Average:

		0.138



		31 Day Depuration

		0.041

		<0.010

		<0.010

		<0.010

		<0.050  



		

		0.053

		<0.010

		<0.010

		<0.010

		0.058



		

		0.035

		<0.010

		<0.010

		<0.010

		0.042



		Average:

		0.050



		35 Day Depuration

		<0.020

		<0.010

		<0.010

		<0.010

		<0.050  



		

		<0.020

		<0.010

		<0.010

		<0.010

		<0.050  



		Average:

		<0.050  



		CREAM



		25 Days 

		0.042

		0.527

		<0.010

		<0.010

		0.574



		

		0.039

		0.528

		<0.010

		<0.010

		0.573



		

		0.068

		0.604

		<0.010

		<0.010

		0.676



		Average:

		0.607



		



		WHEY



		25 Days

		0.107

		0.749

		<0.010

		<0.010

		0.863



		

		0.112

		0.721

		<0.010

		<0.010

		0.840



		

		0.151

		0.803

		<0.010

		<0.010

		0.958



		Average:

		0.887







Table 7.8.2-11:  Residue Data in Fat, Liver, Kidney, Muscle, and Excreta.  

		Sampling Day 

		DFA 

(mg/kg)

		BYI 02960

 (mg/kg)

		BYI 02960-OH 

(mg/kg)

		BYI 02960-AMCP (mg/kg)

		Total BYI 02960 Residue (mg/kg)1



		Group 5:  Treated Dairy Cows (average 135 mg/kg in the feed)



		 Fat



		29 Days 

		0.427

		0.916

		0.022

		<0.010

		1.36



		

		0.204

		0.856

		0.015

		<0.010

		1.07



		

		0.375

		0.767

		<0.010  

		<0.010

		1.15



		

		0.560

		1.370

		0.031

		<0.010

		1.96



		

		Average:

		1.39



		Fat - Depuration Phase



		32 Days  

		0.100

		<0.010

		<0.010

		<0.010

		0.111



		36 Days 

		<0.020

		<0.010

		<0.010

		<0.010

		<0.050



		43 Days 

		<0.020

		<0.010

		<0.010

		<0.010

		<0.050



		 Kidney



		29 Days 

		0.528

		4.26

		0.106

		<0.010

		4.90



		

		0.379

		4.80

		0.068

		<0.010

		5.25



		

		0.630

		4.16

		0.119

		<0.010

		4.91



		

		0.693

		5.66

		0.117

		<0.010

		6.47



		

		Average:

		5.38



		Depuration Phase



		32 Days 

		0.141

		 0.045

		<0.010

		<0.010

		0.187



		36 Days 

		<0.020

		<0.010

		<0.010

		<0.010

		<0.050  



		43 Days 

		<0.020

		<0.010

		<0.010

		<0.010

		<0.050  



		Liver



		29 Days 

		0.348

		3.56

		0.043

		<0.010

		3.95



		

		0.284

		2.96

		0.042

		<0.010

		3.29



		

		0.507

		3.89

		0.039

		<0.010

		4.44



		

		0.457

		3.39

		0.014

		<0.010

		3.86



		

		Average:

		3.89



		Liver - Depuration Phase



		32 Days 

		0.106

		0.033

		<0.010

		<0.010

		 0.140



		36 Days 

		<0.020

		<0.010

		<0.010

		<0.010

		<0.050



		43 Days 

		<0.020

		<0.010

		<0.010

		<0.010

		<0.050



		Muscle



		29 Days 

		0.368

		1.35

		0.018

		<0.010

		1.73



		

		0.302

		1.25

		0.016

		<0.010

		1.57



		

		0.473

		1.54

		<0.010  

		<0.010

		2.02



		

		0.396

		1.88

		<0.010  

		<0.010

		2.29



		

		Average:

		1.90



		Muscle - Depuration Phase



		32 Days 

		 0.095

		 0.017

		<0.010

		<0.010

		 0.114



		36 Days 

		<0.020

		<0.010

		<0.010

		<0.010

		<0.050



		43 Days 

		<0.020

		<0.010

		<0.010

		<0.010

		<0.050



		Urine



		Week 1

		1.92

		26.6

		0.616

		<0.010

		29.1



		Week 2

		2.33

		28.2

		0.302

		<0.010

		30.8



		Week 3

		3.71

		41.2

		1.05 

		<0.010

		45.9



		Week 4

		3.33

		37.0

		0.586

		<0.010

		40.9



		Group 4:  Treated Dairy Cows (average 49.6 mg/kg in the feed)



		Fat



		29 Days

		0.112

		0.377

		<0.010

		<0.010

		0.493



		

		0.111

		0.248

		<0.010

		<0.010

		0.362



		

		0.073

		0.231

		<0.010

		<0.010

		0.307



		Average:

		0.388



		Kidney



		29 Days

		0.217

		2.15

		0.031

		<0.010

		2.40



		

		0.221

		1.31

		0.041

		<0.010

		1.57



		

		0.170

		1.91

		0.062

		<0.010

		2.14



		Average:

		2.04



		Liver



		29 Days

		0.169

		2.00

		0.021

		<0.010

		2.19



		

		0.120

		1.25

		0.021

		<0.010

		1.39



		

		0.106

		1.79

		0.017

		<0.010

		1.91



		Average:

		1.83



		Muscle



		29 Days

		0.170

		0.740

		<0.010

		<0.010

		0.916



		

		0.128

		0.490

		<0.010

		<0.010

		0.624



		

		0.109

		0.562

		<0.010

		<0.010

		0.678



		Average:

		0.739



		Group 3:  Treated Dairy Cows (average 23.1 mg/kg in the feed)



		Fat



		29 Days

		0.033

		0.097

		<0.010 

		<0.010

		0.137



		

		0.050

		0.110

		<0.010 

		<0.010

		0.162



		

		0.030

		0.120

		<0.010 

		<0.010

		0.153



		Average:

		0.151



		Kidney



		29 Days

		0.099

		0.754

		0.027

		<0.010

		0.881



		

		0.075

		0.711

		0.028

		<0.010

		0.814



		

		0.068

		0.894

		0.022

		<0.010

		0.984



		Average:

		0.893



		Liver



		29 Days

		0.071

		0.821

		<0.010  

		<0.010

		0.902



		

		0.054

		0.714

		0.012

		<0.010

		0.782



		

		0.045

		0.730

		0.012

		<0.010

		0.789



		Average:

		0.824



		Muscle



		29 Days

		0.066

		0.248

		<0.010

		<0.010

		0.317



		

		0.057

		0.260

		<0.010

		<0.010

		0.320



		

		0.039

		0.242

		<0.010

		<0.010

		0.283



		Average:

		0.307



		Group 2: Treated Dairy Cows (average 4.81 mg/kg in the feed)



		Fat



		29 Days

		<0.020

		0.021

		<0.010

		<0.010

		<0.050



		

		<0.020

		0.018

		<0.010

		<0.010

		<0.050



		

		<0.020

		0.028

		<0.010

		<0.010

		<0.050



		

		<0.020

		0.017

		<0.010

		<0.010

		<0.050



		Average:

		<0.050



		Kidney



		29 Days

		  0.022

		0.122

		0.013

		<0.010

		0.157



		

		<0.020

		0.134

		<0.010  

		<0.010

		0.153



		

		<0.020

		0.222

		0.042

		<0.010

		0.281



		

		<0.020

		0.158

		<0.010  

		<0.010

		0.181



		Average:

		0.193



		Liver



		29 Days

		<0.020

		0.172

		<0.010

		<0.010

		0.188



		

		<0.020

		0.133

		<0.010

		<0.010

		0.146



		

		<0.020

		0.156

		<0.010

		<0.010

		0.169



		

		<0.020

		0.119

		<0.010

		<0.010

		0.131



		Average:

		0.159



		Muscle



		29 Days

		<0.020

		0.044

		<0.010

		<0.010

		0.058



		

		<0.020

		0.041

		<0.010

		<0.010

		0.054



		

		<0.020

		0.048

		<0.010

		<0.010

		0.064



		

		<0.020

		0.038

		<0.010

		<0.010

		0.050



		Average:

		0.057



		Group 2: Treated Dairy Cows (average 4.81 mg/kg in the feed)



		Urine



		Week 1

		0.112

		1.71

		0.021

		<0.010

		1.85



		Week 2

		0.185

		1.97

		0.026

		<0.010

		2.18



		Week 3

		0.184

		2.03

		0.034

		<0.010

		2.24



		Week 4

		0.142

		1.62

		0.040

		<0.010

		1.81





1 	Individual analyte residues <LOD are reported as <LOD and summed into the total residue with the value of ½ LOD. Total BYI 02960 residues <LOQ are reported as less than their respective LOQ values (<0.080 mg/kg for whey and <0.050 for other matrices).



The levels of DFA residues found in urine represented 6% to 8% of the total residues of BYI 02960 in the 

urine samples, suggesting low but significant exposure of the dairy cattle to DFA following the daily oral 

administration of BYI 02960 over 29 days.



B.7.8.2.3	Conclusion



Overall consistent residue behavior was found in lactating cows for dosing and sampling conducted according to the targeted dosing levels, providing data appropriate for assessing transfer of residues to the animal commodities of milk, muscle, liver, kidney, and fat.






Table B.7.8.2-13:   Summary of Total BYI 02960 Residues, Expressed as Parent Equivalents in Dairy Cow Tissues.

		Matrices

		Sampling Day/Feeding level (mg/kg feed)

		Total BYI 02960 Residues (mg/kg)



		

		

		Min

		Max

		Mean

		SDEV (%)



		Liver

		29d/4.8

		0.131

		0.188

		0.159

		<0.050 (16)



		

		29d/23

		0.782

		0.902

		0.824

		0.068(8)



		

		29d/50

		1.39

		2.19

		1.83

		0.407 (22)



		

		29d/135

		3.29

		4.44

		3.89

		0.473 (12)



		

		32d/135

		NA

		NA

		0.140

		NA



		

		36d/135

		NA

		NA

		<0.050

		NA



		

		43d/135

		NA

		NA

		<0.050

		NA



		Muscle

		29d/4.8

		0.050

		0.064

		0.056

		<0.050 (10)



		

		29d/23

		0.283

		0.320

		0.307

		<0.050 (7)



		

		29d/50

		0.624

		0.916

		0.739

		0.155 (21)



		

		29d/135

		1.57

		2.29

		1.90

		0.316 (17)



		

		32d/135

		NA

		NA

		0.114

		NA



		

		36d/135

		NA

		NA

		<0.050

		NA



		

		43d/135

		NA

		NA

		<0.050

		NA



		Fat

		29d/4.8

		<0.050

		<0.050

		<0.050

		<0.050 (22)



		

		29d/23

		0.137

		0.162

		0.151

		<0.050 (8)



		

		29d/50

		0.307

		0.493

		0.388

		0.096 (25)



		

		29d/135

		1.07

		1.96

		1.39

		0.402 (29)



		

		32d/135

		NA

		NA

		0.111

		NA



		

		36d/135

		NA

		NA

		<0.050

		NA



		

		43d/135

		NA

		NA

		<0.050

		NA



		Kidney

		29d/4.8

		0.153

		0.281

		0.193

		0.060 (31)



		

		29d/23

		0.814

		0.984

		0.893

		0.085 (10)



		

		29d/50

		1.57

		2.40

		2.04

		0.424 (21)



		

		29d/135

		4.90

		6.47

		5.38

		0.746 (14)



		

		32d/135

		NA

		NA

		0.187

		NA



		

		36d/135

		NA

		NA

		<0.050

		NA



		

		43d/135

		NA

		NA

		<0.050

		NA





[bookmark: _Toc330564930][bookmark: _Toc331680042][bookmark: _Toc332713407]B.7.8.3		Pigs

No feeding study in pigs is required because metabolic pathways in the rat, in ruminants and in poultry are similar.

[bookmark: _Toc330564931][bookmark: _Toc331680043][bookmark: _Toc332713408]B.7.8.4		Fish

No feeding study in fish is required due to the low potential for accumulation in fish as indicated by the log POW of 1.2 in the range of pH 4 – 9.
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B.7.9		Residues in succeeding crops or rotational crops



B.7.9.1		Metabolism and distribution studies on representative crops



		Reference:

		KIIA 6.6.2/01

		KIIA 6.6.2/02



		Report:

		Metabolism of [Furanone-4-14C]-BYI 02960 in confined rotational crops. A. Klempner. 2011

		Metabolism of [pyridinylmethyl-14C]-BYI 02960 in confined rotational crops. M. Breuer-Rehm. 2011 (amended 02/22/2012)



		Report No.:

		MEF-11/365
M-421861-01-3

		MEF-10/892
M-419853-02-1



		MRID:

		48843961

		48843962



		Guidelines:

		OECD 502 Metabolism in Rotational Crops

US EPA Residue Chemistry Test Guideline OPPTS 860.1850: Confined Accumulation in Rotational Crops

European Parliament and Council Regulation (EC) No 1107/2009



		Testing Facility:

		Bayer CropScience AG

Development- Environmental Safety

Metabolism/ADME and Environmental Fate

40789 Monheim am Rhein, Germany



		Testing Facility Report No.:

		M1301756-3



		GLP:

		Yes



		Study reliability:

		Fully reliable







The purpose of the studies was to investigate the metabolism of the insecticide flupyradifurone (BYI 02960) in representative rotational crops (wheat, Swiss chard and turnips) from three consecutive rotations. [Furanone-4-14C]-BYI 02960 and [pyridinylmethyl-14C]-BYI 02960 were each formulated as an SL 300 formulation and sprayed onto the soil of a planting container (approx. 1 m2). The actual application rate corresponded to 433-436 g a.i./ha, slightly above the anticipated maximum seasonal field rate of 400 g a.i./ha. The crops were each sown at 29, 135 and 296 days after soil application, representing the first, second and third rotation. 



B.7.9.1.1	Materials and methods



B.7.9.1.1.1	Crop

Spring wheat (variety Thasos), Swiss chard (variety Lukullus), and turnips (variety Rondo) were planted in soil characterized as “Monheim 4” (sandy loam soil from Germany; pH (CaCl2) of  6.9; 58% sand, 28% silt and 14% clay; 2.1% organic carbon, cation exchange capacity (CEC) of 8.1 meq/100 g).






B.7.9.1.1.2	Test material



		Chemical structure

		[image: ]

		

		

[image: ]



		

		*	position of the  	radiolabel

		*	position of the 	radiolabel



		Radiolabelled test material

		[Furanone-4-14C]-BYI 02960

		[pyridinylmethyl-14C]-BYI 02960



		Specific radioactivity

		3.97 MBq/mg (106.46 µCi/mg)

		4.37 MBq/mg (118.08 µCi/mg)



		Chemical Purity

		> 99% (HPLC)

		> 99% (HPLC)



		Radiochemical purity

		> 99% (HPLC and TLC)

		> 99% (HPLC and TLC)







The radiolabelled test compounds [furanone-4-14C]-BYI 02960 and [pyridinylmethyl-14C]-BYI 02960 were each dissolved in acetonitrile, and an appropriate amount of the stock solution was evaporated to dryness. The respective amount of blank formulation SL 300 was added and the mixture was homogenised. The sample was adjusted to a final volume of approx. 100 mL with water and homogenised by stirring to get the ready-to-use spray dilution.



B.7.9.1.1.2	Application



The radioactive SL 300 formulation was applied with a computer controlled track sprayer onto the bare soil of a planting container (surface area of approx. 1 m2) at a rate of 433 or 436 g a.i./ha. The treated soil remained undisturbed for an aging period of 29 days, after which, the upper layer of the soil (approx. 15 cm) was intensively mixed for the sowing of wheat, Swiss chard and turnips (first rotation). Wheat was sown on approx. 50% (0.5 m2) of the soil area of the planting container, whereas Swiss chard and turnips were each sown on 25% (0.25 m2) of the soil area. At day 135 and 296, after harvest of the mature wheat (crop with the longest vegetation period), the soil was cultivated again and the crops of the second and third rotation were sown, respectively. With each rotation, the plots of the crops in the container were changed. Wheat was sown on the plot where Swiss chard and turnips had been sown in the preceding rotation and Swiss chard and turnips were sown on the plot where wheat was sown before. 



B.7.9.1.1.3	Sampling



Raw agricultural commodities (RAC) sampled for this study included the immature samples forage and hay from wheat, and an immature sample of Swiss chard. All other samples (wheat straw and wheat grain, mature Swiss chard, turnip leaves and turnip roots) were harvested at maturity for each rotation. About 20% of the wheat plants were cut above the ground as forage sample at stem elongation (BBCH growth stage 29-31). At BBCH 79-83 (late milk to early dough stage), 20% of the wheat plants were cut as hay sample and dried at room temperature for three to five days. At BBCH 89-92 (maturity), the remaining wheat plants were cut and grains were separated by hand. The remaining ears and chaffs were combined with the straw. A part of the Swiss chard plants were sampled at an immature stage (BBCH 44-46) and the remaining plants at maturity (BBCH 49). The Swiss chard plants were cut above the roots. The mature turnips plants were removed from soil, separated into leaves and roots. The plant materials were cut into pieces before homogenization with liquid nitrogen. 



B.7.9.1.1.4	Analytical procedures



The general extraction scheme is depicted in Figure B.7.9.1. An aliquot of each homogenized RAC was extracted conventionally with ACN/water (8:2; v/v) three or four times. The extracts were combined, purified using a pre-conditioned SPE RP 18 cartridge, concentrated, and analyzed by HPLC. The radioactivity in the extracts was determined by LSC, in the solids by combustion followed by LSC. The actual TRR values of the samples were determined by summing up the radioactivity measured in the extracts and in the remaining solids. 



Post-extraction solids (PES) of wheat straw from the 1st and the 2nd rotation were subjected to sequential exhaustive extraction steps, which included microwave-assisted extractions, enzymatic hydrolysis, alkaline and acidic hydrolysis, and characterization by partitioning with dichloromethane as needed. Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Identification of parent and metabolites was based on the metabolite profiles of the conventional extracts of Swiss chard and wheat straw of the first rotation. These extracts showed all major and minor metabolites also detected in the other extracts. Therefore, parent, all major and most minor metabolites were isolated from these extracts, purified and identified by HPLC-MS/MS. 



Two metabolites co-eluted in the extract of wheat straw when analysed with the profiling method. To ensure the right assignment in other extracts, the respective peak was isolated by semi-preparative HPLC and re-analysed with an acidic method, which was able to separate the two compounds, if present. Based on these assignments, the compounds in all conventional and exhaustive extracts of all rotations were identified by comparison with the metabolite patterns of wheat straw and Swiss chard. The presence of several metabolites was additionally confirmed by HPLC co-chromatography using the isolated compounds as reference compounds. 



Confirmation of assignments by HPLC co-chromatography became important since variations in retention times of some metabolites and distortion of peaks was observed when analysing extracts of wheat forage (1st rotation) and Swiss chard (2nd rotation) at different time points. The retention shift was most probabaly caused by an interaction between matrix components and metabolites. Natural label-specific compounds detected in wheat grains were identified by TLC co-chromatography subsequent to a diastase digestion step using a metabolite isolated and identified in the tomato metabolism study performed with [furanone-4-14C]-BYI 02960. The same natural compound was identified in turnip roots by TLC comparison of the isolated and purified metabolites.






Figure B.7.1.1. General Extraction Scheme of the Various Plant Samples.1







1Exhaustive extraction methods were used for only wheat matrices.



B.7.9.1.2	Results and Discussion



B.7.9.1.2.1	Total radioactive residue in plant samples



As per Tables B.7.9.1.-1, and Table B.7.9.1-2, the TRR values of all RACs declined significantly (5-21%) from the first to the third rotation for both radiolabels. Highest residues were detected in the non-edible commodities (wheat straw and hay). The TRR exceeded 0.01 mg/kg in all commodities, except for turnip roots from the 3rd rotation.

Table B.7.9.1-1: TRR values in the different RACs of the three rotations after soil application of 

[Furanone-4-14C]-BYI 02960.

		5Crop

		Wheat

		Swiss chard

		Turnips



		Fraction

		Forage

		Hay

		Straw

		Grain

		Imm.

		Mature

		Leaves

		Roots



		TRR [mg/kg]



		1st rotation -29 day PBI

		0.783

		2.003

		6.290

		0.478

		0.848

		0.871

		0.679

		0.074



		2nd rotation -135 day PBI

		0.193

		1.081

		1.519

		0.103

		0.311

		0.263

		0.158

		0.014



		3rd rotation -296 day PBI

		0.111

		0.254

		0.462

		0.047

		0.180

		0.152

		0.090

		0.008







Table B.7.9.1-2: TRR values in the different RACs of the three rotations after soil application of 

[Pyridinylmethyl-14C]-BYI 02960.

		Crop

		Wheat

		Swiss chard

		Turnips



		Fraction

		Forage

		Hay

		Straw

		Grain

		Imm.

		Mature

		Leaves

		Roots



		TRR [mg/kg]



		1st rotation -29 day PBI

		1.407

		2.409

		9.015

		0.177

		1.358

		1.483

		0.815

		0.072



		2nd rotation -135 day PBI

		0.308

		1.009

		2.148

		0.057

		0.332

		0.438

		0.230

		0.022



		3rd rotation -296 day PBI

		0.117

		0.321

		0.491

		0.017

		0.135

		0.130

		0.083

		0.008







B.7.9.1.2.2	Identification and characterization of residues



It should be noted that some of the accountabilities are above 100% since values reported as <0.001 mg/kg were taken into account as 0.001 mg/kg.



Radioactive residues were efficiently extracted with acetonitrile/water mixtures (conventional extraction) from all commodities at each plantback interval, except for wheat grain (14.6% to 20.4% of the TRR from the furanone label study and 35.4% to 52.2% of the TRR from the pyridinylmethyl label study at 29, 135, and 296-d PBI). For wheat grain and wheat straw, additional exhaustive extraction steps were applied for the samples of the 1st and 2nd rotation. Exhaustive extraction steps released an additional portion of 68% – 73% of the TRR from the post-extraction solids (PES) of wheat grain, and about 21% – 27% of the TRR from PES of wheat straw (furanone label). 



For the [furanone-4-14C] label, parent and about 30 metabolites were detected in the conventional and exhaustive extracts of the various samples from the three rotations. Of these, only the parent and 14 metabolites were identified by LC-MS/MS. The other metabolites, none of them exceeding 5% of the TRR or 0.05 mg/kg, were characterised by their extraction behaviour and their retention time in radio-HPLC or TLC. The amounts of the parent and metabolites in all RACs are summarized in Table B.7.9.1-3 to Table B.7.9.1-8 for the three rotations.



Parent was the main component detected in all matrices of all rotations, except for wheat grain. Parent accounted for 34% to 64% of the TRR (1st rotation), 28% to 68% of the TRR (2nd rotation), and 18% to 72% of the TRR (3rd rotation). In wheat grain, only trace amounts of parent were detected (0.4% and 2% of the TRR). The highest proportion of parent was always detected in turnip leaves. BYI 02960-glyoxylic acid was predominant in wheat matrices (except grain) from the 1st rotation ranging from 11% to 16% of the TRR. BYI 02960-bromo-amino-furanone (wheat hay; 11% of the TRR), and difluoroethyl-amino-furanone (wheat forage; 12% of the TRR) were also main components in samples of the 3rd rotation.  Glucose/carbohydrates comprised 16% of the TRR in turnip roots from the 2nd rotation. In Swiss chard, from all rotations, difluoroethyl-amino-furanone was also predominant (10%-17% of the TRR). BYI 02960-OH-gly was identified (10-22% of the TRR) from all rotations in mature Swiss chard and turnip leaves.



Six of the identified metabolites were specific to the furanone-4-14C radiolabel used: BYI 02960-difluoroethyl-amino-furanone, its conjugate BYI 02960-mercapto-lactic acid, BYI 02960-difluoroethyl-amino-furanone-OH-glyc, BYI 02960-amino-furanone, BYI 02960-bromo-amino-furanone, and the natural compound glucose (or probably an isomeric carbohydrate). The natural compound was identified as the main component in wheat grain after subjecting the PES of the conventional extraction (1st rotation) to diastase digestion step. The released radioactivity in the aqueous digestion solution was partitioned with dichloromethane. The majority of the radioactivity remained in the aqueous phase indicating that the metabolite was probably a polar natural compound. Isolation of the polar fraction by semi-preparative HPLC followed by normal-phase TLC showed one spot indicating that the fraction is represented most likely by one compound. TLC co-chromatography of the natural compound isolated and identified in the tomato metabolism study with [furanone-4-14C]-BYI 02960 confirmed the identity of the metabolites. TLC analysis of the isolated polar fractions detected in the conventional and exhaustive extracts of wheat straw and in the conventional extracts of Swiss chard and turnip roots revealed that these fractions were represented by several compound (up to eight). Only minor percentages of the fractions appeared identical with glucose. Based upon TLC, for turnip roots, a trace amount was assigned to the natural compound.



For some RACs (e.g., wheat straw and wheat grain), high identification rates were only shown for the 1st and 2nd rotation (or in the case of grain for the 1st rotation only), therefore exhaustive extraction was conducted on those samples only. Lower identification rates were generally linked to higher bound residues (wheat matrices), and no subsequent exhaustive extraction step were conducted. 



Overall, the total extractable radioactivity in all crops treated with [furanone-4-14C] from the 1st, 2nd, and 3rd rotations was 82-98%, 78-98%, and 70-96%, respectively. The only exception was wheat grain from the 3rd rotation, which had a total extractability of 20%.



In the case of the [pyridinylmethyl-14C] label, the radioactive residues were efficiently extracted from all commodities of all rotations with acetonitrile/water mixtures, except for wheat grain where only 34.6% to 52.2% of the TRR was detected after conventional extraction. For wheat straw and grain, additional exhaustive extraction steps were applied to the solids after conventional extraction. Exhaustive extraction released an additional 32% of the TRR in wheat grain, and 14% of the TRR in wheat straw from the post-extraction solids of the 1st rotation. In the 2nd rotation samples, exhaustive extractions resulted in an additional release of 13% of the TRR in wheat straw.



Parent BYI 02960 and about 50 metabolites were detected in the conventional and exhaustive extracts of the various samples of the three rotations. Of these, the active substance and 17 metabolites were identified by LC-MS/MS. The other metabolites, none exceeding 5% of the TRR or 0.05 mg/kg, were characterised by their extraction behaviour and their retention time in radio-HPLC. The amounts of active substance and metabolites in all RACs are summarized in Table 6.6.2-9 to Table 6.6.2-14 for the three rotations.



Except for wheat grain, parent was the predominant residue detected in all matrices of all rotations, accounting for 28% to 62% of the TRR (1st rotation), 25% to 67% of the TRR (2nd rotation), and 14% to 69% of the TRR (3rd rotation). The lowest percentage was always detected in wheat grain and the highest in turnip leaves. Parent was a minor metabolite in wheat grain from the 1st and 2nd rotation (1.1%-8.3%). In all wheat matrices, 6-CNA-glycerol-gluA (2 + 3) was predominant in all of the rotations (11%-30% of the TRR). BYI 02960-glyoxylic acid was also a major component, but only in wheat forage of the first rotation at 12% of the TRR. BYI 02960-OH-glyc was also predominant in mature Swiss chard from the 1st rotation (11% of the TRR), as well as in Swiss chard and turnip leaves from the 2nd and 3rd rotation (10%-25% of the TRR).



Eight of the identified metabolites were specific to the radiolabel used: BYI 02960-CHMP, three different conjugates of this metabolite, the corresponding oxidation product 6-CNA and its glycerol-glucuronic acid conjugates (3 isomers) and two oxidation products of the postulated cleavage product BYI 02960-AMCP-difluoroethanamine. The isomers of 6-CNA-glycerol-gluA were detected as major metabolites in all matrices of wheat. In wheat grains they represented the highest proportion of the TRR. It is probable that the weak acid 6-CNA with its pronounced phloem mobility was transported into the seeds as a phloem sink, with conjugation occurring after transport. The 6-CNA conjugates were not identified in the matrices of Swiss chard or turnips. 



Identified metabolites common to both radiolabels were BYI 02960-OH and its conjugates, BYI 02960-acetic acid, its conjugates and its successor molecule BYI 02960-glyoxylic acid and the chlorinated/brominated parent.



Overall, identification rates were high and ranged from 68% - 87% of the TRR in all RACs apart from wheat grain. In grain, the identification rate was lower (29% - 58% of the TRR), but at least additional significant portions of the TRR were characterized by the extraction behaviour of the residues. The solids remaining after the conventional extraction of the grains of the 2nd rotation were subjected in a first step to microwave extraction with ACN/water (8:2; v/v) at increased temperature (15 min at 100 °C). An additional portion of approx. 5% of the TRR was released. Analysis of this extract showed the known major compounds of the conventional extract besides a high amount of a polar unknown compound. Enzymatic treatment of the post-extraction solids of the microwave extraction with diastase (approx. 20 h at 26°C) solubilised a significant higher portion of the TRR (approx. 21% of the TRR), indicating that a quite polar residue was released. Subsequent extraction of the remaining solids with a sodium chloride solution (2 h at 100°C) released another significant portion of the TRR (approx. 28% of the TRR). These extraction steps indicate that a major part of the residues in grain is of polar nature – and can be most probably assigned to natural compounds.



Overall, the total extractable radioactivity in all crops treated with [pyridinylmethyl-14C] was 90-98% (1st rotation), except for wheat grain (84%); 78-98% (2nd rotation), except for wheat grain (35%); 75-95% (3rd rotation), except for wheat grain (45%).

Table B.7.9.1-3:  Distribution of parent and metabolites in wheat matrices after a 29-day plantback 

interval (1st rotation, [furanone-4-14C]-BYI 02960).

		1st Rotation

		Wheat forage

		Wheat hay

		Wheat straw

		Wheat grain



		TRR [mg/kg] 

		0.783

		2.003

		6.290

		0.478



		BYI 02960-

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		46.6

		0.365

		33.6

		0.672

		33.9

		2.135

		0.4

		0.002



		glucose/carbohydrates

		---

		---

		---

		---

		---

		---

		---

		---



		amino-furanone

		1.9

		0.015

		3.8

		0.076

		1.9

		0.120

		0.5

		0.002



		mercapto-lactic acid

		1.6

		0.013

		0.4

		0.008

		1.1

		0.068

		---

		---



		bromo-amino-furanone

		2.0

		0.016

		1.6

		0.033

		2.6

		0.161

		---

		---



		difluoroethyl-amino-furanone-OH-glyc

		3.2

		0.025

		5.8

		0.116

		3.5

		0.217

		---

		---



		difluoroethyl-amino-furanone

		9.9

		0.077

		10.2

		0.205

		5.3

		0.333

		---

		---



		glyoxylic acid

		15.8

		0.124

		11.3

		0.227

		14.7

		0.925

		5.1

		0.024



		acetic acid-glyc

		---

		---

		1.2

		0.024

		0.7

		0.043

		---

		---



		acetic acid

		1.7

		0.013

		1.6

		0.031

		1.7

		0.106

		0.6

		0.003



		OH-glyc

		3.6

		0.028

		3.4

		0.067

		3.6

		0.228

		1.4

		0.007



		OH

		1.3

		0.010

		1.9

		0.038

		2.3

		0.147

		2.3

		0.011



		bromo /chloro

		0.3

		0.003

		---

		---

		0.2

		0.011

		---

		---



		Subtotal identified

		87.9

		0.689

		74.8

		1.497

		71.5

		4.494

		10.3

		0.049



		unknown 1a1

		1.5

		0.012

		3.7

		0.075

		3.6

		0.227

		2.3

		0.011



		unknown 2

		---

		---

		---

		---

		0.3

		0.018

		---

		---



		unknown 3

		---

		---

		---

		---

		0.1

		0.008

		---

		---



		unknown 4

		---

		---

		---

		---

		0.2

		0.011

		---

		---



		unknown 5

		---

		---

		---

		---

		0.2

		0.010

		---

		---



		unknown 6

		---

		---

		---

		---

		0.3

		0.020

		---

		---



		unknown 7

		---

		---

		0.3

		0.007

		0.5

		0.032

		---

		---



		unknown 9

		---

		---

		---

		---

		---

		---

		1.2

		0.006



		unknown 11

		---

		---

		---

		---

		---

		---

		0.7

		0.003



		unknown 16

		---

		---

		---

		---

		0.3

		0.022

		---

		---



		unknown 17

		---

		---

		2.0

		0.041

		---

		---

		---

		---



		Subtotal characterised 

		1.5

		0.012

		6.0

		0.123

		5.5

		0.348

		4.2

		0.020



		Total conventional extr.

		89.4

		0.701

		80.8

		1.620

		77.0

		4.842

		14.5

		0.069



		Microwave extraction I (ACN/water)



		BYI 02960 (parent)

		---

		---

		---

		---

		1.6

		0.102

		---

		---



		amino-furanone

		---

		---

		---

		---

		0.2

		0.013

		---

		---



		bromo-amino-furanone

		---

		---

		---

		---

		0.2

		0.011

		---

		---



		difluoroethyl-amino-furanone-OH-glyc

		---

		---

		---

		---

		0.2

		0.012

		---

		---



		difluoroethyl-amino-furanone

		---

		---

		---

		---

		0.2

		0.013

		---

		---



		glyoxylic acid

		---

		---

		---

		---

		0.5

		0.029

		---

		---



		acetic acid

		---

		---

		---

		---

		0.1

		0.003

		---

		---



		OH-glyc

		---

		---

		---

		---

		0.1

		0.007

		---

		---



		OH

		---

		---

		---

		---

		0.1

		0.007

		---

		---



		Subtotal identified 

		---

		---

		---

		--

		3.2

		0.197

		---

		---



		unknown 1a1

		---

		---

		---

		---

		1.4

		0.085

		---

		---



		Subtotal characterised

		---

		---

		---

		---

		1.4

		0.085

		---

		---



		Total microwave extr. I

		---

		---

		---

		---

		4.6

		0.282

		---

		---



		Microwave extraction II (1% NaCl )



		BYI 02960 (parent)

		---

		---

		---

		---

		2.0

		0.124

		---

		---



		amino-furanone

		---

		---

		---

		---

		0.7

		0.044

		---

		---



		difluoroethyl-amino-furanone

		---

		---

		---

		---

		0.3

		0.019

		---

		---



		glyoxylic acid

		---

		---

		---

		---

		0.1

		0.008

		---

		---



		acetic acid

		---

		---

		---

		---

		<0.1

		0.003

		---

		---



		OH-glyc

		---

		---

		---

		---

		0.1

		0.006

		---

		---



		OH

		---

		---

		---

		---

		0.1

		0.006

		---

		---



		Subtotal identified

		---

		---

		---

		---

		3.3

		0.210

		---

		---



		unknown 1a1

		---

		---

		---

		---

		1.4

		0.086

		---

		---



		1st Rotation

		Wheat forage

		Wheat hay

		Wheat straw

		Wheat grain



		Subtotal characterised 

		--

		--

		--

		--

		1.4

		0.086

		--

		--



		Total 1% NaCl extraction

		--

		--

		--

		--

		4.7

		0.296

		--

		--



		Diastase digestion



		BYI 02960 (parent)

		---

		---

		---

		---

		0.7

		0.042

		---

		---



		glucose/carbohydrates

		---

		---

		---

		---

		---

		---

		70.5

		0.338



		amino-furanone

		---

		---

		---

		---

		0.3

		0.016

		---

		---



		difluoroethyl-amino-furanone

		---

		---

		---

		---

		0.1

		0.009

		---

		---



		glyoxylic acid

		---

		---

		---

		---

		0.1

		0.003

		---

		---



		OH

		---

		---

		---

		---

		<0.1

		0.001

		---

		---



		Subtotal identified 

		---

		---

		---

		---

		1.3

		0.071

		70.5

		0.338



		unknown 1a1

		---

		---

		---

		---

		0.8

		0.050

		---

		---



		Subtotal characterised 

		---

		---

		---

		---

		0.8

		0.050

		---

		---



		Total diastase digestion

		---

		---

		---

		---

		2.1

		0.121

		70.5

		0.338



		EDTA + cellulase + 5N HCl extraction



		BYI 02960 (parent)

		---

		---

		---

		---

		0.9

		0.057

		---

		---



		amino-furanone

		---

		---

		---

		---

		0.5

		0.032

		---

		---



		Subtotal identified 

		---

		---

		---

		---

		1.4

		0.089

		---

		---



		unknown 1a1

		---

		---

		---

		---

		3.6

		0.229

		---

		---



		Subtotal characterised 

		---

		---

		---

		---

		3.6

		0.229

		---

		---



		Total EDTA + cellulase+ 5N HCl extraction

		---

		---

		---

		---

		5.1

		0.318

		---

		---



		5 N NaOH extraction

		---

		---

		---

		---

		4.6

		0.291

		---

		---



		Total identified

		87.9

		0.689

		74.8

		1.497

		80.7

		5.061

		80.8

		0.387



		Total characterised 

		1.5

		0.012

		6.0

		0.123

		12.7

		0.798

		4.2

		0.020



		Total extractable

		89.4

		0.701

		81.6

		1.620

		93.4

		5.859

		88

		0.421



		Losses

		0.3

		0.002

		0.7

		0.015

		0.7

		0.042

		3.0

		0.014



		Unextractable (PES2`)

		10.3

		0.081

		18.4

		0.369

		1.6

		0.099

		12.0

		0.058



		Overall total

		100

		0.784

		100

		2.004

		95

		6.290                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

		100

		0.478





1	polar unkown peak 1a in the conventional extract of wheat straw of the 1st rotation consisted of 4 

   different metabolites, all of them were minor according to TLC subquantification

2	post extraction solids


Table B.7.9.1-4: Distribution of parent and metabolites in wheat matrices after a 135-day plant

 back interval (2nd rotation, [furanone-4-14C]-BYI 02960)

		2nd Rotation

		Wheat forage

		Wheat hay

		Wheat straw

		Wheat grain



		TRR [mg/kg] 

		0.193

		1.081

		1.519

		0.103



		BYI 02960-

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		63.9

		0.124

		29.1

		0.314

		28.5

		0.433

		0.5

		0.001



		glucose/carbohydrates

		---

		---

		---

		---

		---

		---

		---

		---



		amino-furanone

		2.0

		0.004

		6.2

		0.067

		4.1

		0.062

		1.3

		0.001



		mercapto-lactic acid

		1.6

		0.003

		3.5

		0.037

		4.4

		0.067

		---

		---



		bromo-amino-furanone

		3.3

		0.006

		9.9

		0.107

		6.1

		0.093

		---

		---



		difluoroethyl-amino-furanone-OH-glyc

		1.3

		0.003

		7.3

		0.078

		4.2

		0.064

		---

		---



		difluoroethyl-amino-furanone

		8.2

		0.016

		6.9

		0.075

		5.3

		0.081

		---

		---



		glyoxylic acid

		0.3

		<0.001

		1.9

		0.020

		1.2

		0.018

		0.8

		0.001



		acetic acid-glyc

		---

		---

		0.5

		0.005

		0.9

		0.013

		---

		---



		acetic acid

		1.6

		0.003

		1.6

		0.017

		2.3

		0.035

		1.0

		0.001



		OH-glyc

		3.4

		0.007

		3.4

		0.037

		5.0

		0.076

		2.1

		0.002



		OH

		1.8

		0.003

		1.9

		0.021

		2.7

		0.042

		3.4

		0.003



		bromo / chloro

		---

		---

		---

		---

		---

		---

		---

		---



		Subtotal identified

		87.4

		0.169

		72.2

		0.778

		64.7

		0.984

		9.1

		0.009



		unknown 1a1

		1.3

		0.002

		4.3

		0.047

		5.1

		0.078

		2.5

		0.003



		unknown 4

		0.4

		0.001

		0.6

		0.006

		0.6

		0.009

		---

		---



		unknown 7

		0.2

		<0.001

		0.5

		0.006

		---

		---

		---

		---



		unknown 9

		---

		---

		---

		---

		---

		---

		0.7

		0.001



		unknown 11

		---

		---

		---

		---

		---

		---

		0.9

		0.001



		unknown 12

		0.3

		0.001

		---

		---

		---

		---

		---

		---



		Subtotal characterised 

		2.2

		0.004

		5.4

		0.059

		5.7

		0.087

		4.1

		0.005



		Total conventional extr.

		89.6

		0.173

		77.6

		0.837

		70.4

		1.071

		13.2

		0.014



		Microwave extraction I (ACN/water)



		BYI 02960 (parent )

		---

		---

		---

		---

		2.0

		0.031

		---

		---



		amino-furanone

		---

		---

		---

		---

		0.7

		0.011

		---

		---



		difluoroethyl-amino-furanone-OH-glyc

		---

		---

		---

		---

		0.1

		0.002

		---

		---



		difluoroethyl-amino-furanone

		---

		---

		---

		---

		0.3

		0.005

		---

		---



		glyoxylic acid

		---

		---

		---

		---

		0.1

		0.001

		---

		---



		acetic acid

		---

		---

		---

		---

		0.1

		0.001

		---

		---



		OH-glyc

		---

		---

		---

		---

		0.2

		0.003

		---

		---



		OH

		---

		---

		---

		---

		0.2

		0.004

		---

		---



		Subtotal identified 

		---

		---

		---

		---

		3.7

		0.058

		---

		---



		unknown 1a1

		---

		---

		---

		---

		1.0

		0.015

		---

		---



		Subtotal characterised

		---

		---

		---

		---

		1.0

		0.015

		---

		---



		Total microwave extr. I

		---

		---

		---

		---

		4.7

		0.073

		22.5

		20.003



		Microwave extraction II (1% NaCl )



		BYI 02960 (parent)

		---

		---

		---

		---

		2.3

		0.035

		---

		---



		amino-furanone

		---

		---

		---

		---

		0.8

		0.012

		---

		---



		difluoroethyl-amino-furanone

		---

		---

		---

		---

		0.3

		0.004

		---

		---



		acetic acid

		---

		---

		---

		---

		<0.1

		0.001

		---

		---



		OH-glyc

		---

		---

		---

		---

		0.1

		0.001

		---

		---



		OH

		---

		---

		---

		---

		0.1

		0.002

		---

		---



		Subtotal identified

		---

		---

		---

		---

		3.7

		0.055

		---

		---



		unknown 1a1

		---

		---

		---

		---

		1.5

		0.023

		---

		---



		Subtotal characterised 

		---

		---

		---

		---

		1.5

		0.023

		---

		---



		Total 1% NaCl extraction

		---

		---

		---

		---

		5.2

		0.078

		241.7

		20.043



		Diastase digestion



		BYI 02960 (parent)

		---

		---

		---

		---

		1.0

		0.015

		---

		---



		amino-furanone

		---

		---

		---

		---

		0.4

		0.006

		---

		---



		Subtotal identified 

		---

		---

		---

		---

		1.4

		0.021

		---

		---



		unknown 1a1

		---

		---

		---

		---

		0.9

		0.014

		---

		---



		2nd Rotation

		Wheat forage

		Wheat hay

		Wheat straw

		Wheat grain



		Subtotal characterised 

		---

		---

		---

		---

		0.9

		0.014

		---

		---



		Total diastase digestion

		---

		---

		---

		---

		2.3

		0.035

		223.7

		20.024



		EDTA + cellulase + 5N HCl extraction



		BYI 02960 (parent)

		---

		---

		---

		---

		1.6

		0.024

		---

		---



		amino-furanone

		---

		---

		---

		---

		1.3

		0.019

		---

		---



		Subtotal identified 

		---

		---

		---

		---

		2.9

		0.043

		---

		---



		unknown 1a1

		---

		---

		---

		---

		3.3

		0.050

		---

		---



		Subtotal characterised 

		---

		---

		---

		---

		3.3

		0.050

		---

		---



		Total EDTA + cellul.+ 5N HCl extraction

		---

		---

		---

		---

		6.2

		0.094

		

		



		5N NaOH extraction



		Subtotal characterised

		

		

		

		

		8.7

		0.131

		

		



		Total identified

		87.3

		0.169

		71.9

		0.778

		76.3

		1.161

		9.2

		0.009



		Total characterised 

		2.2

		0.004

		5.4

		0.059

		21.1

		0.320

		4.2

		0.004



		Total extractable

		89.6

		0.173

		77.9

		0.842

		97.8

		1.481

		82.6

		0.085



		Losses

		---

		---

		0.5

		0.006

		0.3

		0.005

		69.2

		0.071



		Unextractable (PES3)

		10.4

		0.020

		22.1

		0.239

		2.2

		0.033

		17.4

		0.018



		Overall total

		100

		0.193

		100

		1.081

		100

		1.519

		100

		0.103





1 	polar unkown peak 1a in the conventional extract of wheat straw of the 1st rotation consisted of 4  

   different metabolites, all of them were minor according to TLC subquantification

2	no analysis performed, but presumably glucose/carbohydrates as identified in grains of 1st rotation

3	post extraction solids



Table B.7.9.1-5: Distribution of parent and metabolites in wheat matrices after a 296-day plant back

 interval (3rd rotation [furanone-4-14C]-BYI 02960).

		3rd Rotation

		Wheat forage

		Wheat hay

		Wheat straw

		Wheat grain



		TRR [mg/kg] 

		0.111

		0.254

		0.462

		0.047



		Compound (BYI 02960-)

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		43.0

		0.048

		18.3

		0.047

		20.7

		0.096

		2.0

		0.001



		glucose/carbohydrates

		---

		---

		---

		---

		---

		---

		---

		---



		amino-furanone

		3.6

		0.004

		7.4

		0.019

		4.9

		0.023

		---

		---



		mercapto-lactic acid

		2.6

		0.003

		5.1

		0.013

		1.5

		0.007

		---

		---



		bromo-amino-furanone

		5.7

		0.006

		10.7

		0.027

		7.4

		0.034

		---

		---



		difluoroethyl-amino-furanone-OH-glyc

		5.5

		0.006

		8.6

		0.022

		8.7

		0.040

		---

		---



		difluoroethyl-amino-furanone

		12.1

		0.013

		8.3

		0.021

		5.2

		0.024

		---

		---



		glyoxylic acid

		---

		---

		0.5

		0.001

		---

		---

		---

		---



		acetic acid

		1.2

		0.001

		1.1

		0.003

		1.6

		0.007

		0.8

		<0.001



		OH-glyc

		2.5

		0.003

		2.3

		0.006

		3.4

		0.016

		1.7

		0.001



		OH

		0.8

		0.001

		1.6

		0.004

		2.1

		0.010

		2.8

		0.001



		bromo / chloro

		---

		---

		---

		---

		---

		---

		---

		---



		Total identified

		77.0

		0.085

		63.9

		0.163

		55.5

		0.257

		7.3

		0.004



		unknown 1a1

		2.4

		0.003

		4.7

		0.012

		12.0

		0.055

		3.2

		0.001



		unknown 4

		0.7

		0.001

		0.8

		0.002

		0.9

		0.004

		---

		---



		unknown 9

		---

		---

		---

		---

		---

		---

		1.1

		0.001



		Total characterised 

		3.1

		0.004

		5.5

		0.014

		12.9

		0.059

		4.3

		0.002



		Total extractable

		80.1

		0.089

		69.4

		0.177

		68.4

		0.316

		11.6

		0.006



		Losses

		---

		---

		---

		---

		1.8

		0.008

		8.8

		0.004



		Unextractable (PES3)

		19.8

		0.022

		30.5

		0.077

		29.7

		0.137

		279.6

		20.037



		Overall total

		100

		0.111

		100

		0.254

		100

		0.461

		100

		0.047





1 	polar unkown peak 1a in the conventional extract of wheat straw of the 1st rotation consisted of 4 different metabolites, all of them were minor according to TLC subquantification. 2no analysis performed, but presumably glucose/carbohydrates as identified in grains of 1st rotation; 3post extraction solids

Table B.7.9.1-6: Distribution of parent and metabolites in Swiss chard and turnip matrices after a 29-

 day plant back interval (1st rotation [furanone-4-14C]-BYI 02960).

		1st Rotation

		Swiss chard immature

		Swiss chard mature

		Turnip leaves

		Turnip roots



		TRR [mg/kg] 

		0.848

		0.871

		0.679

		0.074



		BYI 02960-

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		54.3

		0.460

		42.6

		0.371

		64.3

		0.437

		55.9

		0.041



		glucose/carbohydrates

		---

		---

		---

		---

		---

		---

		3.4

		0.003



		amino-furanone

		1.8

		0.015

		3.1

		0.027

		0.9

		0.006

		4.1

		0.003



		difluoroethyl-amino-furanone-OH-glyc

		---

		---

		1.2

		0.010

		---

		---

		---

		---



		difluoroethyl-amino-furanone

		16.6

		0.141

		16.6

		0.145

		1.0

		0.007

		---

		---



		glyoxylic acid

		3.7

		0.031

		4.7

		0.041

		6.6

		0.045

		12.2

		0.009



		OH-glyc-SA, isomer 1

		1.2

		0.010

		2.5

		0.022

		---

		---

		---

		---



		acetic acid-glyc

		0.5

		0.004

		1.6

		0.014

		3.5

		0.024

		---

		---



		OH-glyc-SA, isomer 2

		3.3

		0.028

		3.2

		0.028

		---

		---

		---

		---



		acetic acid

		0.4

		0.003

		0.6

		0.005

		1.2

		0.008

		0.2

		<0.001



		OH-glyc

		8.5

		0.072

		13.6

		0.119

		11.2

		0.076

		2.1

		<0.001



		OH

		2.0

		0.017

		1.9

		0.017

		1.7

		0.012

		0.4

		<0.001



		bromo / chloro

		0.6

		0.005

		0.4

		0.003

		1.1

		0.007

		1.3

		0.001



		Total identified

		92.9

		0.786

		92.0

		0.802

		91.5

		0.622

		79.6

		0.060



		unknown 1a1

		2.5

		0.021

		3.5

		0.031

		1.4

		0.010

		---

		---



		unknown 1b

		---

		---

		---

		---

		---

		---

		6.0

		0.004



		unknown 6

		---

		---

		---

		---

		0.8

		0.006

		---

		---



		unknown 7

		---

		---

		---

		---

		0.8

		0.005

		---

		---



		unknown 8

		---

		---

		---

		---

		0.5

		0.003

		---

		---



		unknown 10

		---

		---

		---

		---

		0.5

		0.003

		---

		---



		unknown 11

		---

		---

		---

		---

		0.2

		0.002

		---

		---



		unknown 14

		---

		---

		0.3

		0.002

		0.8

		0.006

		---

		---



		unknown 17

		---

		---

		---

		---

		---

		---

		2.4

		0.002



		Total characterised 

		2.5

		0.021

		13.8

		0.033

		5.1

		0.035

		8.4

		0.006



		Total extractable

		95.4

		0.807

		95.8

		0.835

		96.5

		0.657

		88.0

		0.066



		Losses

		0.4

		0.003

		0.3

		0.002

		---

		---

		---

		---



		Unextractable (PES2)

		4.3

		0.037

		3.9

		0.034

		3.4

		0.023

		11.9

		0.009



		Overall total

		100

		0.847

		100

		0.871

		100

		0.680

		101

		0.075





1	polar unkown peak 1a in Swiss chard consisted of 8 different metabolites, all of them were minor according to 	TLC subquantification

2	post extraction solids






Table B.7.9.1-7:  Distribution of parent and metabolites in Swiss chard and turnip matrices after a 

135- day plant back interval (2nd rotation [furanone-4-14C]-BYI 02960).

		2nd Rotation

		Swiss chard immature

		Swiss chard mature

		turnip leaves

		turnip roots



		TRR [mg/kg] 

		0.311

		0.263

		0.158

		0.014



		Compound (BYI 02960-)

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		55.0

		0.171

		27.5

		0.072

		68.1

		0.108

		31.0

		0.004



		glucose/carbohydrates

		---

		---

		---

		---

		---

		---

		16.0

		0.002



		amino-furanone

		8.8

		0.027

		8.8

		0.023

		0.6

		0.001

		---

		---



		difluoroethyl-amino-furanone-OH-glyc

		---

		---

		---

		---

		---

		---

		---

		---



		difluoroethyl-amino-furanone

		10.3

		0.032

		17.4

		0.046

		1.0

		0.002

		---

		---



		glyoxylic acid

		---

		---

		---

		---

		1.5

		0.002

		1.8

		<0.001



		OH-glyc-SA, isomer 1

		2.9

		0.009

		3.5

		0.009

		---

		---

		---

		---



		acetic acid-glyc

		1.8

		0.006

		1.1

		0.003

		0.8

		0.001

		---

		---



		OH-glyc-SA, isomer 2

		2.0

		0.006

		3.2

		0.008

		---

		---

		---

		---



		acetic acid

		0.5

		0.002

		0.8

		0.002

		1.3

		0.002

		0.2

		<0.001



		OH-glyc

		11.7

		0.036

		18.0

		0.047

		12.7

		0.020

		2.3

		<0.001



		OH

		2.0

		0.006

		2.4

		0.006

		1.1

		0.002

		---

		---



		bromo / chloro

		0.5

		0.001

		---

		---

		1.3

		0.002

		1.6

		<0.001



		Total identified

		95.5

		0.296

		82.7

		0.216

		88.4

		0.140

		52.9

		0.010



		unknown 1a1

		0.9

		0.003

		9.3

		0.025

		1.4

		0.002

		---

		---



		unknown 1b

		---

		---

		---

		---

		---

		---

		28.0

		0.004



		unknown 6

		---

		---

		---

		---

		0.8

		0.001

		---

		---



		unknown 7

		---

		---

		---

		---

		0.6

		0.001

		---

		---



		unknown 8

		---

		---

		---

		---

		0.5

		0.001

		---

		---



		unknown 14

		0.4

		0.001

		---

		---

		2.8

		0.004

		1.3

		<0.001



		unknown 15

		0.4

		0.001

		---

		---

		---

		---

		---

		---



		Total characterised 

		1.7

		0.005

		9.3

		0.025

		6.1

		0.009

		29.3

		0.005



		Total extractable

		97.2

		0.301

		92.0

		0.241

		94.5

		0.149

		82.2

		0.015



		Losses

		---

		---

		0.5

		0.001

		---

		---

		---

		---



		Unextractable (PES2)

		2.9

		0.009

		7.5

		0.020

		5.5

		0.009

		17.7

		0.003



		Accountability

		100

		0.310

		100

		0.262

		100

		0.158

		128

		0.018





1	polar unkown peak 1a in Swiss chard consisted of 8 different metabolites, all of them were minor according to 	TLC subquantification

2	post extraction solids




Table B.7.9.1-8: Distribution of parent and metabolites in Swiss chard and turnip matrices after a 

296- day plant back interval (3rd rotation [furanone-4-14C]-BYI 02960).

		3rd Rotation

		Swiss chard immature

		Swiss chard mature

		Turnip leaves

		Turnip roots



		TRR [mg/kg] 

		0.180

		0.152

		0.090

		0.008



		BYI 02960-

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		36.7

		0.066

		33.4

		0.051

		72.4

		0.065

		69.9

		0.006



		glucose/carbohydrates

		---

		---

		---

		---

		---

		---

		5.3

		<0.001



		amino-furanone

		1.3

		0.002

		1.8

		0.003

		0.5

		<0.001

		5.0

		<0.001



		difluoroethyl-amino-furanone-OH-glyc

		2.1

		0.004

		1.9

		0.003

		---

		---

		---

		---



		difluoroethyl-amino-furanone

		13.7

		0.025

		15.6

		0.024

		1.6

		0.001

		---

		---



		glyoxylic acid

		0.2

		<0.001

		---

		---

		1.7

		0.002

		---

		---



		OH-glyc-SA, isomer 1

		1.7

		0.003

		2.4

		0.004

		---

		---

		---

		---



		acetic acid-glyc

		0.2

		<0.001

		0.2

		<0.001

		0.5

		<0.001

		---

		---



		OH-glyc-SA, isomer 2

		4.2

		0.008

		2.4

		0.004

		---

		---

		---

		---



		acetic acid

		0.9

		0.002

		0.9

		0.001

		1.1

		0.001

		0.3

		<0.001



		OH-glyc

		22.2

		0.040

		21.9

		0.033

		10.2

		0.009

		3.1

		<0.001



		OH

		3.6

		0.007

		3.1

		0.005

		0.6

		0.001

		---

		---



		bromo / chloro

		0.5

		0.001

		0.6

		0.001

		1.8

		0.002

		2.5

		<0.001



		Total identified

		87.3

		0.160

		84.2

		0.130

		90.4

		0.083

		86.1

		0.011



		unknown 1a1

		3.4

		0.006

		1.8

		0.003

		1.1

		0.001

		---

		---



		unknown 1b

		---

		---

		---

		---

		---

		---

		9.2

		0.001



		unknown 3

		0.5

		0.001

		0.6

		0.001

		---

		---

		---

		---



		unknown 4

		0.8

		0.001

		0.8

		0.001

		---

		---

		---

		---



		unknown 5

		0.6

		0.001

		0.2

		<0.001

		---

		---

		---

		---



		unknown 6

		---

		---

		---

		---

		1.1

		0.001

		---

		---



		unknown 11

		0.3

		<0.001

		0.2

		<0.001

		---

		---

		---

		---



		unknown 13

		---

		---

		0.6

		0.001

		---

		---

		---

		---



		unknown 14

		0.2

		<0.001

		---

		---

		---

		---

		---

		---



		unknown 15

		0.8

		0.001

		0.8

		0.001

		---

		---

		---

		---



		Total characterised 

		6.6

		0.012

		5.0

		0.009

		2.2

		0.002

		9.2

		0.001



		Total extractable

		93.9

		0.172

		89.1

		0.139

		92.6

		0.085

		95.5

		0.012



		Losses

		---

		---

		---

		---

		---

		---

		---

		---



		Unextractable (PES2)

		6.2

		0.011

		10.9

		0.017

		7.5

		0.007

		4.5

		<0.001



		Accountability

		100

		0.183

		100

		0.156

		100

		0.092

		100

		0.013





1	polar unkown peak 1a in Swiss chard of 1st rotation consisted of 8 different metabolites, all of them were  

   minor	according to TLC subquantification

2	post-extraction solids






Table B.7.9.1-9. Distribution of parent and metabolites in wheat matrices after a 29-day 

plant back interval (1st rotation, [pyridinylmethyl-14C]-BYI 02960).

		1st Rotation

		Wheat forage

		Wheat hay

		Wheat straw

		Wheat grain



		TRR [mg/kg] 

		1.407

		2.409

		9.015

		0.177



		Compound (BYI 02960-)

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		43.8

		0.619

		25.0

		0.601

		31.4

		2.834

		1.8

		0.003



		6-CNA

		2.0

		0.029

		3.0

		0.072

		2.8

		0.249

		3.8

		0.007



		6-CNA-glycerol-gluA (1)1

		3.2

		0.045

		3.4

		0.083

		2.1

		0.193

		2.3

		0.004



		6-CNA-glycerol-gluA (2 + 3)2

		14.1

		0.200

		23.6

		0.569

		19.2

		1.733

		15.8

		0.028



		CHMP-glyc

		1.7

		0.024

		5.0

		0.120

		2.4

		0.213

		---

		---



		CHMP

		1.2

		0.016

		1.5

		0.036

		1.2

		0.107

		---

		---



		glyoxylic acid

		12.3

		0.173

		7.3

		0.176

		5.6

		0.508

		6.0

		0.011



		acetic acid-glyc

		0.6

		0.009

		---

		---

		0.8

		0.072

		---

		---



		OH-glyc

		3.4

		0.048

		4.0

		0.095

		3.2

		0.284

		5.0

		0.009



		acetic acid

		1.2

		0.017

		1.4

		0.033

		1.1

		0.100

		1.7

		0.003



		OH

		1.4

		0.020

		2.2

		0.052

		2.4

		0.212

		6.8

		0.012



		bromo/chloro

		---

		---

		0.9

		0.021

		0.4

		0.036

		---

		---



		Subtotal identified

		84.9

		1.200

		77.3

		1.858

		72.6

		6.541

		43.2

		0.077



		unknown 1

		0.8

		0.011

		---

		---

		---

		---

		---

		---



		unknown 2

		---

		---

		---

		---

		0.3

		0.024

		---

		---



		unknown 3

		---

		---

		0.7

		0.017

		---

		---

		---

		---



		unknown 5

		---

		---

		0.5

		0.013

		0.2

		0.020

		---

		---



		unknown 6

		---

		---

		1.1

		0.026

		---

		---

		---

		---



		unknown 7

		---

		---

		---

		---

		0.2

		0.022

		---

		---



		unknown 9

		---

		---

		---

		---

		0.6

		0.056

		---

		---



		unknown 10

		---

		---

		---

		---

		0.6

		0.050

		2.2

		0.004



		unknown 14

		0.7

		0.010

		---

		---

		0.5

		0.042

		---

		---



		unknown 16

		---

		---

		0.9

		0.023

		0.5

		0.044

		---

		---



		unknown 17

		---

		---

		---

		---

		0.3

		0.028

		---

		---



		unknown 18

		---

		---

		---

		---

		0.5

		0.042

		---

		---



		unknown 21

		---

		---

		0.9

		0.022

		---

		---

		4.1

		0.007



		unknown 24

		---

		---

		---

		---

		0.4

		0.034

		---

		---



		unknown 25

		0.7

		0.010

		0.8

		0.018

		0.3

		0.023

		2.6

		0.005



		unknown 26

		---

		---

		---

		---

		0.6

		0.052

		---

		---



		unknown 27

		---

		---

		1.0

		0.023

		0.7

		0.060

		---

		---



		unknown 28

		1.8

		0.025

		0.6

		0.014

		0.9

		0.077

		---

		---



		unknown 29

		1.0

		0.014

		0.8

		0.019

		0.6

		0.055

		---

		---



		unknown 33

		---

		---

		---

		---

		1.4

		0.123

		---

		---



		Subtotal characterised 

		5.0

		0.070

		7.3

		0.175

		8.6

		0.752

		8.9

		0.016



		Total conventional extr.

		89.9

		1.270

		84.6

		2.033

		81.2

		7.293

		52.1

		0.093



		Microwave extraction I (ACN/water)



		BYI 02960 (parent)

		1.6

		0.023

		3.1

		0.075

		2.4

		0.214

		6.5

		0.012



		6-CNA

		---

		---

		---

		---

		0.1

		0.012

		---

		---



		6-CNA-glycerol-gluA (2 + 3)2

		---

		---

		---

		---

		1.4

		0.123

		4.4

		0.008



		glyoxylic acid

		---

		---

		---

		---

		0.6

		0.058

		---

		---



		OH-glyc

		---

		---

		1.6

		0.040

		0.1

		0.012

		---

		---



		acetic acid

		---

		---

		0.6

		0.014

		0.1

		0.004

		---

		---



		OH

		---

		---

		---

		---

		0.2

		0.017

		3.6

		0.006



		Subtotal identified 

		1.6

		0.023

		5.3

		0.129

		4.9

		0.440

		14.5

		0.026



		unknown 1

		0.5

		0.007

		2.7

		0.065

		0.4

		0.036

		4.9

		0.009



		unknown 29

		1.3

		0.019

		---

		---

		0.1

		0.011

		---

		---



		Subtotal characterised

		1.8

		0.026

		2.7

		0.065

		0.5

		0.047

		4.9

		0.009



		Total microwave extr. I

		3.4

		0.049

		8.0

		0.194

		5.4

		0.487

		19.4

		0.035



		Microwave extraction II (1% NaCl)



		BYI 02960 (parent)

		---

		---

		---

		---

		1.0

		0.087

		---

		---



		6-CNA

		---

		---

		---

		---

		0.8

		0.076

		---

		---



		6-CNA-glycerol-gluA (1)1

		---

		---

		---

		---

		0.2

		0.016

		---

		---



		6-CNA-glycerol-gluA (2 + 3)2

		---

		---

		---

		---

		0.2

		0.020

		---

		---



		OH

		---

		---

		---

		---

		0.1

		0.006

		---

		---



		Subtotal identified

		---

		---

		---

		---

		2.3

		0.205

		---

		---



		unknown 1

		---

		---

		---

		---

		0.4

		0.040

		---

		---



		unknown 29

		---

		---

		---

		---

		0.2

		0.015

		---

		---



		Subtotal characterised 

		---

		---

		---

		---

		0.6

		0.055

		---

		---



		Total microwave extr. II

		---

		---

		---

		---

		2.9

		0.260

		---

		---



		Diastase digestion



		BYI 02960 (parent)

		---

		---

		---

		---

		0.7

		0.064

		---

		---



		6-CNA

		---

		---

		---

		---

		0.6

		0.055

		---

		---



		6-CNA-glycerol-gluA (2 + 3)2

		---

		---

		---

		---

		0.1

		0.005

		---

		---



		glyoxylic acid

		---

		---

		---

		---

		0.2

		0.020

		---

		---



		OH

		---

		---

		---

		---

		<0.1

		0.004

		---

		---



		Subtotal identified 

		---

		---

		---

		---

		1.6

		0.148

		---

		---



		unknown 1

		---

		---

		---

		---

		0.3

		0.024

		---

		---



		unknown 5

		---

		---

		---

		---

		0.1

		0.006

		---

		---



		unknown 9

		---

		---

		---

		---

		0.1

		0.008

		---

		---



		unknown 29

		---

		---

		---

		---

		0.1

		0.013

		---

		---



		Subtotal characterised 

		---

		---

		---

		---

		0.6

		0.051

		---

		---



		Total diastase digestion

		---

		---

		---

		---

		2.2

		0.199

		---

		---



		EDTA + cellulase + 5N HCl extraction (wheat straw) or 0.1N HCl (wheat grain)



		BYI 02960 (parent)

		---

		---

		---

		---

		0.7

		0.062

		---

		---



		6-CNA

		---

		---

		---

		---

		0.7

		0.066

		---

		---



		6-CNA-glycerol-gluA (2 + 3)2

		---

		---

		---

		---

		0.2

		0.019

		---

		---



		glyoxylic acid

		---

		---

		---

		---

		0.3

		0.028

		---

		---



		Subtotal identified 

		---

		---

		---

		---

		1.9

		0.175

		---

		---



		unknown 1

		---

		---

		---

		---

		0.8

		0.071

		---

		---



		unknown 29

		---

		---

		---

		---

		1.0

		0.088

		---

		---



		Subtotal characterised 

		---

		---

		---

		---

		1.8

		0.159

		---

		---



		Total exhaustive extraction

		---

		---

		---

		---

		3.7

		0.334

		2.33

		0.004



		5N NaOH extraction



		Total NaOH extraction

		---

		---

		---

		---

		---

		---

		19.9

		0.018



		Total identified

		86.5

		1.220

		82.5

		1.987

		83.4

		7.511

		57.8

		0.103



		Total characterised 

		6.9

		0.097

		10.0

		0.240

		11.8

		1.066

		13.8

		0.025



		Total extractable

		93.4

		1.317

		92.5

		2.227

		95.2

		8.577

		91.5

		0.146



		Losses

		0.3

		0.004

		---

		---

		4.5

		0.403

		12.2

		0.022



		Unextractable (PES4)

		6.2

		0.087

		7.5

		0.181

		0.4

		0.035

		16.2

		0.029



		Overall total

		100

		1.408

		100

		2.408

		100

		9.015

		100

		0.177





1	(1)	isomer 1
2	(2 + 3) isomer 2 and/or isomer 3
3	no analysis was feasible 

4	post extraction solids






Table B.7.9.1-10: Distribution of parent and metabolites in wheat matrices after a 

135-day plant back interval (2nd rotation, [pyridinylmethyl-14C]-BYI 02960).

		2nd Rotation

		Wheat forage

		Wheat hay

		Wheat straw

		Wheat grain



		TRR [mg/kg] 

		0.308

		1.009

		2.148

		0.057



		Compound (BYI 02960-)

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		59.6

		0.183

		28.1

		0.283

		31.9

		0.684

		1.1

		0.001



		6-CNA

		1.6

		0.005

		3.2

		0.032

		4.0

		0.086

		---

		---



		6-CNA-glycerol-gluA (1)1

		4.4

		0.014

		2.4

		0.024

		2.4

		0.051

		2.5

		0.001



		6-CNA-glycerol-gluA (2 + 3)2

		14.4

		0.044

		23.9

		0.242

		22.0

		0.472

		11.9

		0.007



		CHMP-glyc

		0.7

		0.002

		0.8

		0.008

		2.2

		0.048

		---

		---



		CHMP

		---

		---

		0.5

		0.005

		---

		---

		---

		---



		glyoxylic acid

		---

		---

		1.0

		0.010

		1.7

		0.036

		0.9

		0.001



		acetic acid-glyc

		0.7

		0.002

		---

		---

		---

		---

		---

		---



		OH-glyc

		2.6

		0.008

		4.5

		0.045

		5.3

		0.112

		4.6

		0.003



		acetic acid

		0.9

		0.003

		1.6

		0.016

		1.8

		0.039

		1.6

		0.001



		OH

		1.7

		0.005

		1.9

		0.019

		3.4

		0.072

		6.4

		0.004



		Subtotal identified

		86.6

		0.266

		67.9

		0.684

		74.7

		1.600

		29.0

		0.018



		unknown 1

		0.3

		0.001

		0.4

		0.004

		1.3

		0.028

		---

		---



		unknown 2

		1.2

		0.004

		---

		---

		---

		---

		---

		---



		unknown 3

		---

		---

		0.5

		0.005

		---

		---

		---

		---



		unknown 5

		---

		---

		0.4

		0.004

		---

		---

		---

		---



		unknown 7

		---

		---

		0.6

		0.006

		---

		---

		---

		---



		unknown 10

		---

		---

		0.5

		0.005

		---

		---

		1.1

		0.001



		unknown 14

		---

		---

		2.3

		0.023

		1.1

		0.024

		---

		---



		unknown 17

		---

		---

		1.2

		0.012

		---

		---

		---

		---



		unknown 18

		---

		---

		0.6

		0.006

		---

		---

		---

		---



		unknown 20

		---

		---

		0.9

		0.009

		---

		---

		---

		---



		unknown 21

		---

		---

		---

		---

		---

		---

		2.1

		0.001



		unknown 24

		0.5

		0.001

		0.8

		0.008

		---

		---

		---

		---



		unknown 25

		---

		---

		---

		---

		1.8

		0.039

		2.3

		0.001



		unknown 27

		0.4

		0.001

		0.8

		0.008

		---

		---

		---

		---



		unknown 28

		0.3

		0.001

		0.2

		0.002

		---

		---

		---

		---



		unknown 29

		0.6

		0.002

		0.5

		0.005

		---

		---

		---

		---



		Subtotal characterised 

		3.3

		0.010

		9.7

		0.097

		4.2

		0.091

		5.5

		0.003



		Total conventional extr.

		89.9

		0.276

		77.6

		0.781

		78.9

		1.691

		34.5

		0.021



		Microwave extraction I (ACN/water)



		BYI 02960 (parent)

		---

		---

		---

		---

		3.4

		0.072

		---

		---



		6-CNA

		---

		---

		---

		---

		1.5

		0.032

		---

		---



		OH

		---

		---

		---

		---

		0.3

		0.007

		---

		---



		Subtotal identified 

		---

		---

		---

		---

		5.2

		0.111

		---

		---



		unknown 1

		---

		---

		---

		---

		1.6

		0.034

		---

		---



		Subtotal characterised

		---

		---

		---

		---

		1.6

		0.034

		---

		---



		Total microwave extr. I

		

		

		

		

		6.8

		0.145

		

		



		Microwave extraction II (1% NaCl )



		BYI 02960 (parent)

		---

		---

		---

		---

		0.9

		0.020

		---

		---



		6-CNA

		---

		---

		---

		---

		0.9

		0.019

		---

		---



		Subtotal identified

		---

		---

		---

		---

		1.8

		0.039

		---

		---



		unknown 1

		---

		---

		---

		---

		0.3

		0.006

		---

		---



		Subtotal characterised 

		---

		---

		---

		---

		0.3

		0.006

		---

		---



		Total NaCl extraction

		---

		---

		---

		---

		2.1

		0.045

		---

		---



		Diastase digestion



		BYI 02960 (parent)

		---

		---

		---

		---

		0.6

		0.013

		---

		---



		6-CNA

		---

		---

		---

		---

		0.5

		0.011

		---

		---



		Subtotal identified 

		---

		---

		---

		---

		1.1

		0.024

		---

		---



		unknown 1

		---

		---

		---

		---

		0.3

		0.006

		---

		---



		unknown 29

		---

		---

		---

		---

		0.1

		0.002

		---

		---



		Subtotal characterised 

		---

		---

		---

		---

		0.4

		0.008

		---

		---



		Total diastase digestion

		---

		---

		---

		---

		1.5

		0.032

		---

		---



		EDTA + cellulase + 5N HCl extraction



		BYI 02960 (parent)

		---

		---

		---

		---

		0.7

		0.013

		---

		---



		6-CNA

		---

		---

		---

		---

		0.5

		0.011

		---

		---



		Subtotal identified 

		---

		---

		---

		---

		1.2

		0.024

		---

		---



		unknown 1

		---

		---

		---

		---

		0.7

		0.014

		---

		---



		unknown 29

		---

		---

		---

		---

		0.8

		0.017

		---

		---



		Subtotal characterised 

		---

		---

		---

		---

		1.5

		0.031

		---

		---



		Total EDTA + cellulase + 5N HCl extraction

		---

		---

		---

		---

		2.7

		0.055

		---

		---



		Total identified

		86.5

		0.266

		67.9

		0.685

		83.8

		1.799

		29.0

		0.017



		Total characterised 

		3.3

		0.010

		9.8

		0.099

		8.0

		0.171

		5.6

		0.003



		Total extractable

		89.9

		0.276

		77.6

		0.784

		91.8

		1.970

		34.6

		0.020



		Losses

		---

		---

		---

		---

		7.9

		0.169

		54.8

		0.032



		Unextractable (PES3)

		10.1

		0.031

		22.4

		0.226

		0.3

		0.007

		10.5

		0.006



		Overall total

		100

		0.307

		100

		1.010

		100

		2.146

		102

		0.058





1	(1) isomer 1
2	(2 + 3) isomer 2 and/or isomer 3
3	post extraction solids




Table B.7.9.1-11:  Distribution of parent and metabolites in wheat matrices after a 

296-day plant back interval (3rd rotation, [pyridinylmethyl-14C]-BYI 02960).

		3rd Rotation

		Wheat forage

		Wheat hay

		Wheat straw

		Wheat grain



		TRR [mg/kg] 

		0.117

		0.321

		0.491

		0.017



		Compound (BYI 02960-)

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		45.3

		0.053

		19.6

		0.063

		26.2

		0.129

		13.9

		0.002



		6-CNA

		2.7

		0.003

		4.3

		0.014

		4.8

		0.024

		---

		---



		6-CNA-glycerol-gluA (1)1

		3.1

		0.004

		3.6

		0.011

		4.5

		0.022

		---

		---



		6-CNA-glycerol-gluA (2 + 3)2

		19.1

		0.022

		29.7

		0.095

		28.4

		0.140

		11.2

		0.002



		CHMP-glyc

		3.1

		0.004

		4.9

		0.016

		2.9

		0.014

		---

		---



		CHMP

		1.4

		0.002

		2.9

		0.009

		---

		---

		---

		---



		glyoxylic acid

		0.8

		0.001

		---

		---

		2.6

		0.013

		---

		---



		OH-glyc

		3.2

		0.004

		3.0

		0.010

		2.9

		0.014

		5.2

		0.001



		acetic acid

		1.1

		0.001

		1.1

		0.003

		1.0

		0.005

		1.8

		<0.001



		OH

		1.0

		0.001

		1.7

		0.005

		2.1

		0.010

		5.5

		0.001



		Total identified

		80.8

		0.095

		70.8

		0.226

		75.4

		0.371

		37.6

		0.006



		unknown 1

		---

		---

		0.7

		0.002

		---

		---

		---

		---



		unknown 7

		---

		---

		0.5

		0.002

		---

		---

		---

		---



		unknown 10

		---

		---

		1.1

		0.003

		---

		---

		---

		---



		unknown 16

		---

		---

		1.3

		0.004

		---

		---

		---

		---



		unknown 21

		---

		---

		---

		---

		---

		---

		2.4

		<0.001



		unknown 24

		1.5

		0.002

		---

		---

		---

		---

		---

		---



		unknown 25

		---

		---

		---

		---

		---

		---

		1.8

		<0.001



		unknown 27

		---

		---

		0.6

		0.002

		---

		---

		---

		---



		unknown 28

		---

		---

		---

		---

		---

		---

		2.8

		0.001



		Total characterised 

		1.5

		0.002

		4.2

		0.013

		---

		---

		7.1

		0.003



		Total extractable

		82.3

		0.097

		75.0

		0.239

		75.4

		0.371

		44.6

		0.009



		Losses

		---

		---

		---

		---

		1.2

		0.006

		---

		---



		Unextractable (PES3)

		17.8

		0.021

		25.0

		0.080

		23.4

		0.115

		55.2

		0.009



		Overall total

		100

		0.118

		100

		0.319

		100

		0.492

		100

		0.018





1	(1)	isomer 1
2	(2 + 3) isomer 2 and/or isomer 3
3	post extraction solids


Table B.7.9.1-12:  Distribution of parent and metabolites in Swiss chard and turnip

 matrices after a 29-day plant back interval (1st rotation, [pyridinylmethyl-14C]-BYI 02960).

		1st Rotation

		Swiss chard
immature

		Swiss chard
mature

		Turnip leaves

		Turnip roots



		TRR [mg/kg] 

		1.358

		1.483

		0.815

		0.072



		Compound (BYI 02960-)

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		57.4

		0.779

		46.3

		0.687

		62.4

		0.508

		57.8

		0.042



		CHMP-glyc-tri-SA

		1.8

		0.025

		2.3

		0.034

		---

		---

		---

		---



		6-CNA

		7.3

		0.099

		7.0

		0.103

		1.0

		0.008

		8.5

		0.006



		CHMP-glyc-di-SA

		2.5

		0.035

		3.0

		0.045

		---

		---

		---

		---



		CHMP-glyc

		5.5

		0.075

		5.4

		0.080

		4.5

		0.037

		---

		---



		CHMP

		---

		---

		---

		---

		---

		---

		4.1

		0.003



		glyoxylic acid

		1.5

		0.021

		2.6

		0.039

		2.6

		0.021

		8.6

		0.006



		acetic acid-glyc

		1.6

		0.022

		---

		---

		0.4

		0.003

		---

		---



		acetic acid-glyc/
OH-glyc-SA (2)2

		---

		---

		2.5

		0.037

		---

		---

		---

		---



		OH-glyc

		7.4

		0.101

		10.9

		0.162

		9.4

		0.076

		2.5

		0.002



		OH-glyc-SA (1)1

		1.1

		0.015

		1.7

		0.025

		0.6

		0.005

		---

		---



		OH-glyc-SA (2)2

		0.5

		0.006

		---

		---

		1.7

		0.014

		---

		---



		N-formyl- /N-acetyl-AMCP-difluoroethanamine

		4.0

		0.055

		2.9

		0.043

		3.6

		0.030

		3.5

		0.003



		OH

		1.8

		0.024

		1.6

		0.023

		1.4

		0.011

		0.5

		<0.001



		bromo/chloro

		0.7

		0.009

		0.5

		0.008

		1.3

		0.011

		1.4

		0.001



		Total identified

		93.1

		1.266

		86.7

		1.286

		88.9

		0.724

		86.9

		0.063



		unknown 1

		---

		---

		0.3

		0.005

		0.4

		0.004

		2.2

		0.002



		unknown 2

		---

		---

		0.5

		0.007

		---

		---

		---

		---



		unknown 6

		---

		---

		---

		---

		1.3

		0.011

		---

		---



		unknown 7

		---

		---

		---

		---

		---

		---

		1.1

		0.001



		unknown 11

		0.7

		0.010

		1.1

		0.016

		---

		---

		---

		---



		unknown 12

		---

		---

		0.4

		0.006

		0.6

		0.005

		---

		---



		unknown 13

		3.0

		0.041

		5.0

		0.075

		---

		---

		---

		---



		unknown 14

		---

		---

		0.4

		0.006

		---

		---

		---

		---



		unknown 15

		0.8

		0.011

		0.3

		0.004

		---

		---

		---

		---



		unknown 16

		---

		---

		1.2

		0.018

		2.0

		0.016

		---

		---



		unknown 17

		---

		---

		---

		---

		---

		---

		---

		---



		unknown 18

		---

		---

		---

		---

		0.9

		0.007

		---

		---



		unknown 25

		---

		---

		---

		---

		0.5

		0.004

		---

		---



		unknown 26

		---

		---

		---

		---

		1.1

		0.009

		---

		---



		unknown 27

		---

		---

		---

		---

		<0.1

		<0.001

		---

		---



		unknown 28

		---

		---

		---

		---

		0.4

		0.004

		---

		---



		unknown 29

		---

		---

		---

		---

		---

		---

		---

		---



		unknown 30

		---

		---

		0.3

		0.004

		1.6

		0.013

		---

		---



		unknown 31

		---

		---

		0.2

		0.003

		---

		---

		---

		---



		unknown 32

		---

		---

		0.3

		0.004

		---

		---

		---

		---



		Total characterised

		4.5

		0.062

		10.0

		0.148

		8.8

		0.073

		3.2

		0.003



		Total extractable

		97.6

		1.328

		96.7

		1.434

		97.7

		0.797

		90.2

		0.066



		Losses

		0.3

		0.004

		0.5

		0.008

		 ---

		 ---

		 ---

		 ---



		Unextractable (PES3)

		2.1

		0.028

		2.9

		0.043

		2.3

		0.019

		10.0

		0.007



		Overall total

		100

		1.360

		100

		1.485

		100

		0.816

		100.0

		0.073





1	(1) isomer 1; 2	(2) isomer 2
3	post extraction solids


Table B.7.9.1-13:  Distribution of parent and metabolites in Swiss chard and turnip matrices after a 

135-day plant back interval (2nd rotation, [pyridinylmethyl-14C]-BYI 02960).

		2nd Rotation

		Swiss chard
immature

		Swiss chard
mature

		Turnip leaves

		Turnip roots



		TRR [mg/kg] 

		0.332

		0.438

		0.230

		0.022



		Compound (BYI 02960-)

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		51.2

		0.170

		24.6

		0.108

		66.8

		0.153

		48.4

		0.011



		CHMP-glyc-tri-SA

		2.8

		0.009

		2.0

		0.009

		---

		---

		---

		---



		6-CNA

		2.9

		0.010

		2.9

		0.013

		0.8

		0.002

		7.7

		0.002



		CHMP-glyc-di-SA

		1.8

		0.006

		2.4

		0.010

		---

		---

		---

		---



		CHMP-glyc

		5.1

		0.017

		1.3

		0.006

		4.9

		0.011

		2.0

		<0.001



		CHMP

		---

		---

		---

		---

		---

		---

		1.1

		<0.001



		acetic acid-glyc

		---

		---

		3.0

		0.013

		---

		---

		---

		---



		OH-glyc

		17.4

		0.058

		25.3

		0.111

		11.1

		0.025

		2.4

		0.001



		OH-glyc-SA (1)1

		1.6

		0.005

		2.9

		0.013

		---

		---

		---

		---



		OH-glyc-SA (2)2

		2.5

		0.008

		6.3

		0.028

		---

		---

		---

		---



		N-formyl- /N-acetyl-AMCP-difluoroethanamine

		1.6

		0.005

		---

		---

		1.2

		0.003

		---

		---



		OH

		3.9

		0.013

		3.6

		0.016

		1.6

		0.004

		---

		---



		bromo/chloro

		0.5

		0.002

		0.2

		0.001

		1.6

		0.004

		2.0

		<0.001



		Total identified

		91.3

		0.303

		74.5

		0.328

		88.0

		0.202

		63.6

		0.017



		unknown 1

		1.4

		0.005

		6.8

		0.030

		---

		---

		5.6

		0.001



		unknown 5

		---

		---

		---

		---

		---

		---

		1.1

		<0.001



		unknown 11

		---

		---

		1.5

		0.006

		---

		---

		---

		---



		unknown 13

		3.6

		0.012

		4.3

		0.019

		---

		---

		0.6

		<0.001



		unknown 14

		---

		---

		1.2

		0.005

		0.7

		0.002

		---

		---



		unknown 15

		0.9

		0.003

		0.7

		0.003

		---

		---

		---

		---



		unknown 16

		---

		---

		1.1

		0.005

		---

		---

		---

		---



		unknown 18

		---

		---

		---

		---

		1.7

		0.004

		---

		---



		unknown 19

		---

		---

		4.8

		0.021

		---

		---

		---

		---



		unknown 25

		---

		---

		---

		---

		1.9

		0.004

		---

		---



		unknown 30

		0.8

		0.003

		0.6

		0.003

		5.7

		0.013

		6.5

		0.001



		unknown 31

		---

		---

		0.6

		0.002

		---

		---

		---

		---



		Total characterised

		6.7

		0.023

		21.6

		0.094

		10.0

		0.023

		13.8

		0.004



		Total extractable

		98.1

		0.326

		96.1

		0.422

		98.1

		0.225

		77.4

		0.021



		Losses

		---

		---

		0.7

		0.003

		---

		---

		0.6

		<0.001



		Unextractable (PES3)

		1.9

		0.006

		3.2

		0.014

		1.9

		0.004

		21.9

		0.005



		Overall total

		100

		0.332

		100

		0.439

		100

		0.229

		100

		0.027





1	(1) isomer 1
2	(2) isomer 2
3	post extraction solids




Table B.7.9.1-14:  Distribution of parent and metabolites in Swiss chard and turnip 

matrices after a 296-day plant back interval (3rd rotation, [pyridinylmethyl-14C]-BYI 02960)

		3rd Rotation

		Swiss chard
immature

		Swiss chard
mature

		Turnip leaves

		Turnip roots



		TRR [mg/kg]

		0.135

		0.130

		0.083

		0.008



		Compound (BYI 02960-)

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		31.6

		0.042

		27.4

		0.036

		69.2

		0.058

		64.8

		0.005



		CHMP-glyc-tri-SA

		2.5

		0.003

		0.4

		0.001

		---

		---

		---

		---



		6-CNA

		5.3

		0.007

		5.1

		0.007

		0.8

		0.001

		4.7

		<0.001



		CHMP-glyc-di-SA

		2.6

		0.003

		2.8

		0.004

		---

		---

		---

		---



		CHMP-glyc

		5.1

		0.007

		6.2

		0.008

		5.9

		0.005

		---

		---



		CHMP

		---

		---

		---

		---

		---

		---

		1.4

		<0.001



		glyoxylic acid

		2.1

		0.003

		1.0

		0.001

		---

		---

		---

		---



		acetic acid-glyc/
OH-glyc-SA (2)1

		---

		---

		2.8

		0.004

		0.9

		0.001

		---

		---



		OH-glyc

		24.6

		0.033

		28.1

		0.036

		9.6

		0.008

		3.8

		<0.001



		OH-glyc-SA (1)2

		5.3

		0.007

		2.9

		0.004

		0.5

		<0.001

		---

		---



		OH-glyc-SA (2)1

		0.5

		0.001

		---

		---

		---

		---

		---

		---



		N-formyl- /N-acetyl-AMCP-difluoroethanamine

		0.8

		0.001

		1.8

		0.002

		2.2

		0.002

		---

		---



		OH

		3.8

		0.005

		3.4

		0.004

		---

		---

		---

		---



		bromo/chloro

		0.7

		0.001

		0.4

		0.001

		1.6

		0.001

		2.5

		<0.001



		Total identified

		84.9

		0.113

		82.3

		0.108

		90.7

		0.076

		77.2

		0.009



		unknown 1

		---

		---

		0.8

		0.001

		0.4

		<0.001

		8.4

		0.001



		unknown 2

		---

		---

		---

		---

		0.2

		<0.001

		---

		---



		unknown 4

		0.4

		0.001

		---

		---

		---

		---

		---

		---



		unknown 5

		0.4

		0.001

		0.6

		0.001

		---

		---

		---

		---



		unknown 6

		0.5

		0.001

		0.5

		0.001

		---

		---

		---

		---



		unknown 7

		---

		---

		0.5

		0.001

		0.3

		<0.001

		---

		---



		unknown 11

		1.0

		0.001

		1.4

		0.002

		---

		---

		---

		---



		unknown 12

		---

		---

		---

		---

		1.2

		0.001

		---

		---



		unknown 13

		4.4

		0.006

		---

		---

		---

		---

		3.2

		<0.001



		unknown 14

		0.6

		0.001

		5.7

		0.007

		---

		---

		---

		---



		unknown 15

		0.5

		0.001

		---

		---

		0.4

		<0.001

		---

		---



		unknown 16

		0.2

		<0.001

		1.0

		0.001

		---

		---

		---

		---



		unknown 18

		---

		---

		---

		---

		1.8

		0.001

		---

		---



		unknown 30

		1.1

		0.001

		---

		---

		---

		---

		1.1

		<0.001



		unknown 32

		---

		---

		1.2

		0.002

		---

		---

		---

		---



		Total characterised 

		9.0

		0.014

		11.6

		0.016

		4.2

		0.006

		12.7

		0.003



		Total extractable

		93.9

		0.127

		93.9

		0.124

		94.9

		0.082

		89.8

		0.012



		Losses

		---

		---

		---

		---

		---

		---

		3.3

		<0.001



		Unextractable (PES3)

		6.1

		0.008

		6.0

		0.008

		5.1

		0.004

		6.9

		0.001



		Overall total

		100

		0.135

		100

		0.132

		100

		0.086

		100

		0.014





1	(2) isomer 2

2	(1) isomer 1
3	post-extraction solids






B.7.9.1.2.3	Storage stability of residues



All samples were conventionally extracted and analyzed by HPLC within a few days after sampling for the [furanone-4-14C]-BYI 02960. For the [pyridinylmethyl-14C]-BYI 02960, all conventional extraction experiments and the first HPLC analyses were performed within 9 days after harvest of the plants, with the exception for wheat grain of the second rotation which was extracted within 7 days after harvest, but analysed only 154 days after harvest. Therefore, the extract stability was investigated by re-analysing the grain extract after a storage time of more than 21 months in the freezer at  -18 °C. No change in the metabolite pattern was detected indicating that the residues in the extracts are stability for at least 21 months. 



Quantitative 14C-HPLC analysis of the extracts was performed with the profiling method BYI 02960_NEUTR within one week after harvest. Only for wheat forage and hay, Swiss chard and turnips from the 1st rotation, the metabolic profile was measured with the preliminary profiling method BYI 02960_CRC directly after extraction. The preliminary method was based on the same type of column and the same eluents but had a slightly shorter gradient. The metabolite profiles obtained from the two methods were comparable, however profiling method BYI 02960_NEUTR showed an improved separation for some metabolites. For better comparison of metabolic pattern over all RACs of all rotations, the profiles of wheat forage and hay, Swiss chard and turnips of the 1st rotation were re-analysed with method BYI 02960_NEUTR about 1 – 2 months after extract preparation. These new metabolic profiles were then considered as basis for quantification. Extract stability has been demonstrated for this time period. 



Exhaustive extractions were started for wheat straw and wheat grain within approx. two to seven months after harvest. Since the compounds identified in the exhaustive extracts were comparable with the compounds of the conventional extracts, it was concluded that the residues in the solids were stable and reflected the released residues at the time of exhaustive extraction.



Therefore, it can be concluded that the residues in all matrices were sufficiently stable during the experimental period of the study and that the first quantified profiles represented the metabolic pattern in the samples at harvest. Nevertheless, storage stability of BYI 02960 residues in frozen sample material was additionally demonstrated in wheat straw (1st and 2nd rotation) and in Swiss chard (1st rotation) for a storage period of about 18 to 24 months. The stored sample material was subjected to a second extraction. Analysis of the new extracts showed the same metabolite patterns as the first extracts and confirmed the storage stability of the residues in the stored RACs.



Extract stability has also been demonstrated for the time of the sample preparation and the identification process of metabolites. The metabolite patterns of stored extracts remained stable when extracts were re-analysed. No significant degradation or transformation of metabolites in the extracts was observed.



The results of the present study were not impacted by the storage of the samples and no further storage stability investigations are required.

B.7.9.1.2.2	Conclusion



The confined rotational crop studies provided for [pyridinylmethyl-14C]-BYI 02960 and for [furanone-4-14C]-BYI 02960 adequately define the nature of the residue in three crop types planted in treated soil at intervals of 29, 135, and 296 days. For both radiolabels, the major residue was parent in wheat (forage, hay, straw), Swiss chard, and turnip (roots and leaves) at all plantback intervals.



At the 29-day plantback interval (1st rotation), other significant metabolites (>10% of the TRR) included difluoroethyl-amino furanone, and BYI 02960-OH-glyc, BYI 02960-glyoxylic acid, 6-CNA-glycerol-gluA (2 + 3).  For wheat grain, 1st rotation, the major residue was glucose, which indicated breakdown of the parent and reincorporation of the radiolabeled fragments; however parent was a minor metabolite.  At the 135-day plantback interval (2nd rotation), other significant metabolites (>10% of the TRR) included BYI 02960-OH-glyc, 6-CNA-glycerol-gluA (2 + 3), glucose/carbohydrates (turnip root only).  At the 269-day plantback interval (3rd rotation), other significant metabolites (>10% of the TRR) included difluoroethyl-amino furanone (wheat forage only), BYI 02960-OH-glyc, and 6-CNA-glycerol-gluA (2 + 3).  



The positions involved in the metabolic degradation are summarised as follows:

 (
halogenation
)

 (
degradation followed by conjugation or further oxidative degradation
) (
cleavage
)



 (
oxidation and conjugation 
) (
hydroxylation and conjugation
)[image: ]

 (
cleavage
)




These reactions are consistent with the reactions observed in primary crop metabolism studies: 

· cleavage of the pyridinylmethylamine bond and formation of metabolites based on difluoroethyl-amino-furanone and amino-furanone structures,

· BYI 02960-difluorethyl-amino-furanone was either conjugated with mercapto-lactic acid or hydroxylated and conjugated with carbohydrates,

· hydroxylation of the furanone moiety followed by conjugation with carbohydrates and sulphate,

· oxidative degradation of the furanone moiety to BYI 02960-acetic acid, which was further oxidized or conjugated with glucose

· complete degradation of the furanone moiety and incorporation of carbon atoms into the natural compound pool, i.e. into glucose/carbohydrates, and

· halogenation of the furanone ring with bromine or chlorine.



It is speculated that BYI 02960-glyoxylic acid, the oxidation product of BYI 02960-acetic acid, was a transient soil metabolite that was taken up by the plants, since it was predominant only in the samples of the 1st rotation. Halogenation of the furanone moiety of the active substance occurred most probably also in the soil, which was supported by the fact that small amounts of halogenated parent were identified in the aerobic soil degradation studies. 



On the basis of the results of these studies, it is concluded that the metabolism of [pyridinylmethyl-14C]-BYI 02960 and [furanone-4-14C]-BYI 02960 in confined rotational crops is well understood. As per Figures B.7.9.1.-2 and -3, the following metabolic pathways are proposed:




Figure B.7.9.1.-2. Proposed metabolic pathway of [furanone-4-14C]-BYI 02960 in confined rotational crops.[image: ]

Figure B.7.9.1-3. Proposed metabolic pathway of [pyridinylmethyl-14C]-BYI 02960 in confined 

rotational crops.

[image: ]



B.7.9.1.6	Analysis for Difluoracetic Acid (DFA)



See B.7.1.6 for details of the study.  Samples from the rotational crop studies were analyzed for non-radiolabeled difluoracetic acid (DFA).



B.7.9.1.6.1	Results and discussion



For the edible crops wheat grains, Swiss chard and turnip roots, difluoroacetic acid accounted for a high proportion of the residue, especially in the early rotations. Residues of DFA declined steadily over the course of the study.



Table B.7.9.1-13.Summary of difluoroacetic acid residues in rotational crop matrices after soil 

application of BYI 02960.

		Metabolism study

		Rotation

		Crop

		Sample material

		Residues [mg/kg]



		Metabolism of 
[Furanone-4-14C]-BYI 02960 in Confined Rotational Crops

		1st rotation

		wheat

		forage

		0.09



		

		

		

		hay

		0.32



		

		

		

		straw

		0.20



		

		

		

		grain

		1.15



		

		

		Swiss chard

		intermediate

		0.08



		

		

		

		mature

		0.16



		

		

		turnip

		leaves

		0.08



		

		

		

		roots

		0.02



		

		2nd rotation

		wheat

		forage

		0.02



		

		

		

		hay

		0.14



		

		

		

		straw

		0.06



		

		

		

		grain

		0.26



		

		

		Swiss chard

		intermediate

		0.04



		

		

		

		mature

		0.05



		

		

		turnip

		leaves

		0.03



		

		

		

		roots

		< 0.01



		

		3rd rotation

		wheat

		forage

		< 0.01



		

		

		

		hay

		0.01



		

		

		

		straw

		0.02



		

		

		

		grain

		0.05



		

		

		Swiss chard

		intermediate

		< 0.01



		

		

		

		mature

		0.01



		

		

		turnip

		leaves

		< 0.01



		

		

		

		roots

		< 0.01





B.7.9.1.7	Conclusion 

In order to gain information on the fate of the difluoroethane moiety of BYI 02960, the extracts obtained in the CRC study with [furanone-4-14C]-BYI 02960 were additionally analysed for non-radiolabelled difluoroacetic acid by LC-MS/MS according to residue method 01304 (see B.7.1.6). Significant levels of difluoroacetic acid were detected in all plant matrices of the first and second rotation. DFA represented a major proportion of the residues in the edible crops wheat grain, Swiss chard and turnip roots and as well as in the feed item wheat hay. In wheat forage and straw and turnip leaves, DFA was less prominent than parent, but it was still a major compound. 

B.7.9.2		Magnitude of the residues in rotational crops



B.7.9.2.1	Canada and the United States (NAFTA)



B.7.9.2.1.1	Field crop rotation study with BYI02960 200SL. 

		Reference:

		KIIA 6.6.3.2/01



		Report:

		BYI 02960, Fenamidone, Fluopyram, and Spiromesifen - Magnitude of the Residue in Sugarcane in Florida (Rotational Crop Regional Tolerance).  M.E. Krolski and K. A. Dallstream. 2012



		Report No. &
Document No.:

		RARVP030

M-432179-01-2



		MRID:

		48843964



		Guidelines:

		US: EPA Residue Chemistry Test Guidelines OPPTS 860.1900, Field Accumulation in Rotational crops



		Testing Facility:

		Bayer CropScience

Environmental Safety

Bayer Research Park

17745 South Metcalf Avenue

Stilwell, KS 66085-9104



		Testing Facility Report No.:

		RARVP030



		GLP:

		Yes



		Reliability:

		Fully reliable







B.7.9.2.1.2	Materials and methods

ten

tenFour field rotational crop trials were conducted in EPA region 3 to measure the magnitude of ethoprophosflupyradifurone  residues in/on pineapplesugarcane at a target 14-day plant-back interval (PBI) following three broadcast foliar spray applicationsa single broadcast spray application of BYI 02960 200 SL to bare ground using ground-based equipment.  BYI 02960 200 SL is a soluble concentratecapsulation suspension formulation containing 400 g ethoprophos/L200 g a.i./L.   Individual application rates ranged from 0.356 to 0.373 lb a.i./A (0.399 to 0.418 kg a.i./ha).   Sugarcane was planted in the treated plot 13 to 14 days following the application.  Trial site conditions are summarized in Table B.7.9.2-1.  Actual application rates and conditions are summarized in Table B.7.9.2-2.



Table B.7.9.2-1:	Trial Site Conditions for Flupyradifurone on Sugarcane. 

		Trial Identification

		

		Soil Characteristics1

		Meteorological Data2



		

		Trial Location (City, Country/State, Year)

		Type

		OM

(%)

		pH

		CEC

(meq/100g soil)

		Total Rainfall (in)

		Temp. Range (°F)



		Citra, FL

		RV286-10RA

		Tavares Sand

		0.5-2.0

		3.5-5.5

		0.1-2.3

		44.5

		20-104



		Oviedo, FL

		RV287-10RB

		Sand

		0.8

		6.2

		3

		48.66

		48-94



		Oviedo, FL

		RV001-11RA

		Sand

		0.8

		6.2

		3

		48.66

		48-94



		Live Oak, FL

		RV002-11RA

		Fine Sandy Loam

		0.5-3.0

		4.5-6.0

		0.2-1.3

		34.48

		28-101





1	Abbreviations used: %OM = percent organic matter; CEC = cation exchange capacity .

2	Data is for the interval of the month of first application through the month of last sampling. Meteorological data were obtained from nearby government weather stations.




Table B.7.9.2-2:	Study Use Pattern for BYI 02960 200 SL on Sugarcane 

		Trial Identification

		Location (City, State, NAFTA Region, Year)

		End-use Product (Formulation)

		Application

		Tank Mix Adjuvants



		

		

		

		Plot Name

		Method

		PBI (Plant Back Interval, days)

		Spray Volume GPA (L/ha)

		Rate lb a.i./A (kg a.i./ha)

		Total Rate  lb a.i./A (kg a.i./ha)

		



		RV286-10RA

		Citra, FL Region 3 2010

		BYI 02960 200 SL

		TRTD1

		Broadcast spray

		14

		19 (176)

		0.369 (0.414)

		0.369 (0.414)

		None



		RV287-10RB

		Oviedo, FL Region 3 2011

		BYI 02960 200 SL

		TRTD1

		Broadcast spray

		14

		19 (175)

		0.356 (0.399)

		0.356 (0.399)

		None



		RV001-11RA

		Oviedo, FL Region 3 2011

		BYI 02960 200 SL

		TRTD1

		Broadcast spray

		14

		19 (177)

		0.366 (0.411)

		0.366 (0.411)

		None



		RV002-11RA

		Live Oak, FL Region 3 2010

		BYI 02960 200 SL

		TRTD1

		Broadcast spray

		13

		18 (173)

		0.373 (0.418)

		0.373 (0.418)

		None





a NA = Not applicable.



Duplicate composite samples of sugarcane (cane), along with an untreated control sample, were collected at crop maturity. The residues of flupyradifurone (BYI 02960), difluoroacetic acid (DFA), and difluoroethylaminofuranone (DFEAF) were quantitated by LC-MS/MS using stable isotopically labeled internal standards. The internal standards were BYI 02960-difluoroethyl-amino-furanone-13C2, and BYI 02960-difluoroacetate-13C2. The analytical method was similar to Bayer Method RV-001-P10-02. The individual analyte residues were summed to give a total BYI 02960 residue.  Residue measurements below the analyte LOQ were summed into the total BYI 02960 residue value as the analyte LOQ value. The LOQ values were 0.010 mg/kg (BYI 02960), 0.050 mg/kg (DFA), and 0.010 mg/kg (DFEAF).



B.7.9.2.1.3	Results and Discussion



Concurrent recoveries of BYI 02960, DFA, and DFEAF were measured with each set of samples to verify method performance.  All recoveries were corrected for any interference in corresponding controls.  No residues were found in controls.  The overall mean of the recoveries at each spiking level was within the acceptable range of 70 to 110%, with standard deviation values  20% (Table B.7.9.2-3). The responses of the LC-MS/MS system for BYI 02960, DFA, and DFEAF were linear in solvent over the range of 0.002 mg/kg to 2.5 mg/kg. The correlation coefficients were >0.99.






Table B.7.9.2-3: Summary of Recoveries of BYI 02960 from Sugarcane.

		Crop Matrix

		Analyte

		Spiking Level (mg/kg)

		Sample Size

(n)

		Recoveries (%)

		Mean Recovery

(%)

		SDEV

(%)



		Sugarcane

Stalk

		BYI 02960

		0.010

		7

		70, 109, 88, 87, 105, 71, 68

		85

		17



		

		

		0.10

		4

		111, 106, 99, 87

		101

		11



		

		DFA

		0.05

		7

		72, 85, 78, 81, 84, 94, 75

		81

		7



		

		

		0.10

		4

		90, 106, 91, 82

		92

		10



		

		DFEAF

		0.010

		7

		83, 96, 86, 115, 71, 96, 94

		92

		14



		

		

		0.10

		4

		103, 111, 96, 89

		100

		9







The freezer storage stability study indicates that BYI 02960 residues were stable in sugarcane RAC during frozen storage for at least 12 months prior to analysis (See B.7.6).  The maximum storage period of frozen samples in this study for BYI 02960 was 178 days (Table B.7.9.2-4). 

 

Table B.7.9.2-4:  Summary of Storage Conditions for Sugarcane. 

		Analytes

		Matrix

(RAC)

		Maximum Average

Storage Temperatur (°C)1

		Actual Storage Duration months (days) 2

		Interval of Demonstrated Storage Stability months 3c



		BYI 02960

		Sugarcane

		< -20

		6 months

(178 days)

		12



		DFEAF

		Sugarcane

		< -20

		6 months

(178 days)

		12



		DFA

		Sugarcane

		< -20

		6 months

(178 days)

		12





1   The maximum average storage temperature is from the time of sample receipt at the laboratory until sample extraction and is the 

maximum of all average freezer temperatures . While preparing for sample analysis, the samples were maintained in a laboratory 

freezer.

2    The storage duration is the time from field sampling through the last sample extraction.

3   See B.7.6



The total BYI 02960 residue data from sugarcane crops planted at 14 days following application of BYI 02960 200 SL to soil are shown in Table B.7.9.2-5.






Table B.7.9.2-5: Total BYI 02960 Residue Data from Sugarcane Crops Planted at 14 Days after 

Soil Application of BYI  02960 SL. 

		[bookmark: RANGE!B4:I4]Trial Number

		Location (City, State, Region, and Year)

		Plot Name

		Crop Variety

		Commodity

		Total Rate 
Lb ai/A (kg ai/ha)

		PBI (Plant Back Interval, days)1

		BYI 02960 Residue (mg/kg)

		DFA Residue (mg/kg) (parent equivalents)

		DFEAFResidue (mg/kg) (parent equivalents)

		Total BYI 02960 Residue (mg/kg)2



		RV286-10RA

		Citra, FL, Region 3, 2010

		TRTD1

		Saccharum spp.

		Sugarcane

		0.369 (0.414)

		14

		<0.010

		<0.050

		<0.010

		<0.070



		RV287-10RB

		Oviedo, FL, Region 3, 2011

		TRTD1

		2143

		Sugarcane

		0.356 (0.399)

		14

		<0.010

		<0.050

		<0.010

		<0.070



		RV001-11RA

		Oviedo, FL, Region 3, 2011

		TRTD1

		1446

		Sugarcane

		0.366 (0.411)

		14

		<0.010

		<0.050

		<0.010

		<0.070



		RV002-11RA

		Live Oak, FL, Region 3, 2010

		TRTD1

		CP52-48

		Sugarcane

		0.373 (0.418)

		13

		<0.010

		<0.050

		<0.010

		<0.070





1	Plant Back Interval (PBI) is the interval between the application and the planting of the sugarcane.

2	Total BYI 02960 residue is the sum of BYI 02960, DFA, and DFEAF, expressed as parent equivalents.  Residue measurements below the analyte LOQ were summed into the total BYI 02960 residue value as the analyte LOQ value. 



B.7.9.2.1.4	Conclusion



Four rotational crop field trials were conducted in Region 3 to measure the magnitude of total BYI 02960 residue in/on sugarcane with one application ofthree broadcast foliar spray applications BYI 02960 200 SL to bare ground, followed by planting of sugarcane 13 to 14 days later. The residues in mature sugarcane were determined by an adequate data collection method with adequate concurrent method recoveries. The period of frozen storage stability is supported by adequate data that indicate no anticipated loss during freezer storage. The total BYI 02960 residues in sugarcane in four trials was less than the limit of quantification.






B.7.9.2.2	Europe



		Reference:

		KIIA 6.6.3/01



		Report:

		Determination of the residues of BYI 02960 in/on the field rotational crops barley, carrot, lettuce and turnip after spray application of BYI 02960 SL 200 on lettuce and soil in the field in Germany, the Netherlands, France (South) and Spain. R. Schoening and J. Bauer. 2011



		Report No. &
Document No.:

		10-2503

M-429091-01-2



		MRID:

		48843963



		Guidelines:

		– EU Council Directive 91/414/EEC amended by Commission Directive 96/68/EC

– EU Guidance Working Document 7029/VI/95 rev. 5

– OECD Guideline for the Testing of Chemicals No. 504, Residues in Rotational Crops



		Testing Facility:

		Bayer CropScience AG

Development - Human Safety - Residue Analysis

Alfred-Nobel-Str. 50

D-40789 Monheim am Rhein, Germany



		Testing Facility Report No.:

		RARVL039



		GLP:

		Yes



		Study reliability:

		Fully reliable







B.7.9.2.2.1	Materials and methods



In 2010-11, 4 trials (one each in Germany, the Netherlands, Spain, and southern France) were conducted to support the use of BYI 02960 SL 200 in field-grown non-perennial crops. A single application was made at a nominal rate of 1 L/ha, corresponding to 200 g a.i./ha, which reflected the anticipated rate for soil treatment with BYI 02960 (via irrigation) in arable, non-perennial crops, such as lettuce.  Water volume rates were 300-400 L/ha.  Applications were either made to bare soil or to lettuce (primary crop or target crop). In the latter case, the crop was then harvested from the field, remaining plants were incorporated into the soil, and rotational crops were planted.  All treatments were made at the scheduled rates.  Information pertaining to the application/use pattern is presented in Table B.7.9.2-6.



At various intervals, crops were sown onto the test area in order to simulate a crop failure ("rotation 1", plant-back interval [PBI] 25-33 days), a second use of the plot in the same year ("rotation 2", PBI 60-200 days), or use of the same plot in the succeeding year ("rotation 3", PBI 260-330 days).  In each rotation, 3 different crops representing different botanical groups were planted:  a root crop (carrots or turnips), a leafy crop (lettuce), or a hard cereal (barley).  Samples of the rotational crops were taken at their respective harvest times, and at one earlier interval (immature RACs for lettuce and root crops, or fodder ["green material"] for barley).  



The samples were analyzed for the parent and its metabolites difluoroacetic acid (DFA) and BYI 02960-difluoro-ethylamino-furanone (DFEAF) using LC-MS/MS method 01304 (see B.4).  The respective LOQs for the 3 analytes were 0.01, 0.02, and 0.01 mg/kg, expressed as parent equivalents, yielding a calculated total residue LOQ of 0.04 mg/kg.





Table B.7.9.2-6:	Field Trial Conditions (Study 10-2503) for Spray Treatment with BYI 02960 SL 200

 to Soil or Primary Crop.

		Trial No./Plot No./

Country/Location
Region/Year

		Target Crop,
Variety

		FL1

		Application

		GS2

		PBI

(days)



		

		

		

		No.

		kg a.i./ha

		kg a.i./hl

		

		



		

10-2503-01/10-2503-01-T-1A/Germany/51399 Burscheid/EU-N3/2010

		soil



		200 SL

		1

		0.20

		0.067

		

		25 carrot

25 lettuce

25 barley



		10-2503-01/10-2503-01-T-2A/Germany/51399 Burscheid/EU-N/2010

		lettuce
Argentines, Butterhead variety

		200 SL

		1

		0.20

		0.067

		19

		70 carrot

77 lettuce

116 barley



		10-2503-01/10-2503-01-T-3A/Germany/51399 Burscheid/EU-N/2010

		lettuce
Argentines, Butterhead variety

		200 SL

		1

		0.20

		0.067

		19

		284 carrot

320 lettuce

284 barley



		10-2503-02/10-2503-02-T-1A/Netherlands/1681 ND Zwaagdijk/EU-N/2010

		soil



		200 SL

		1

		0.20

		0.050

		

		25 carrot

25 lettuce

33 barley



		10-2503-02/10-2503-02-T-2A/Netherlands/1681 ND Zwaagdijk/EU-N/2010

		lettuce 
Gisela, Butterhead variety

		200 SL

		1

		0.20

		0.050

		19

		61 carrot

64 lettuce

137 barley





		10-2503-02/10-2503-02-T-3A/Netherlands/1681 ND Zwaagdijk/EU-N/2010

		lettuce 
Gisela, Butterhead variety

		200 SL

		1

		0.20

		0.050

		19

		328 carrot

329 lettuce

295 barley



		

10-2503-03/10-2503-03-T-1A/France/31200 Toulouse/EU-S3/2010

		soil



		200 SL

		1

		0.20

		0.050

		

		25 turnip

28 lettuce

27 barley



		10-2503-03/0-2503-03-T-2A/France/31200/

Toulouse/EU-S/2010

		lettuce
Pitice, Loose leaf

		200 SL

		1

		0.20

		0.050

		19

		70 turnip

70 lettuce

125 barley



		10-2503-03/10-2503-03-T-3A/France
31200 Toulouse/EU-S
2010

		lettuce


Pitice, Loose leaf

		200 SL

		1

		0.20

		0.050

		19

		314 turnip

314 lettuce

290 barley



		

10-2503-04/10-2503-04-T-1ª/Spain/08520 Llerona
EU-S/2010

		soil



		200 SL

		1

		0.20

		0.067

		

		30 carrot 30 lettuce

27 barley



		10-2503-04/10-2503-04-T-2A/Spain/08520 Llerona/EU-S2010

		lettuce 

Maravilla, Butterroot

		200 SL

		1

		0.212

		0.0667

		19

		145 carrot

145 lettuce

143 barley



		10-2503-04/10-2503-04-T-3A/Spain/08520 Llerona/EU-S/2010

		lettuce 

Maravilla, Butterroot

		200 SL

		1

		0.20

		0.067

		19

		279 carrot

278 lettuce

266 barley





1FL = formulation	

2GS = growth stage (BBCH-code) at last treatment	

3EU-N = northern Europe.   EU-S = southern Europe






B.7.9.2.2.2	Results and Discussion

Concurrent recoveries of BYI 02960 and metabolites DFA and DFEAF were achieved using samples of carrots, turnips, lettuce, and barley.  The results are summarized in Table B.7.9.2-7, which indicates that the average recoveries of all analytes were within guidelines levels of 70 to 120%.  Method validation recoveries were conducted separately.  Details of the validation recoveries are presented in B.4 with method 01304.  



Table B.7.9.2-7:  Concurrent recovery data for BYI 02960 and metabolites in rotational crop 

matrices (root, leafy, and  cereal crops).

		Study No.
Trial No.

GLP/
Year

		Crop

Fraction

		Analyte

		n

		Spiking level (mg/kg)

		Recovery (%)



		

		

		

		

		

		Individual recoveries

		Min

		Max

		Mean

		RSD



		10-2503
(10-2503-01), 
(10-2503-02) and
(10-2503-04)

Plots T-1A to  T-3A

GLP: yes

2010

		Carrot root

		BYI 02960

		6

		0.01

		90;99;110;111; 120;120

		90

		120

		108

		11.0



		

		

		

		1

		0.10

		87

		87

		87

		87

		



		

		

		

		2

		0.50

		99;107

		99

		107

		103

		



		

		

		

		1

		1.0

		80

		80

		80

		80

		



		

		

		

		10

		overall

		

		80

		120

		102

		13.4



		

		

		Difluoro

acetic acid

		6

		0.02

		91;99;109;114; 114;114

		91

		114

		107

		9.1



		

		

		

		1

		0.20

		86

		86

		86

		86

		



		

		

		

		2

		0.50

		97;97

		97

		97

		97

		



		

		

		

		1

		1.0

		84

		84

		84

		84

		



		

		

		

		10

		overall

		

		84

		114

		101

		11.6



		

		

		BYI 02960-difluoroethyl-amino

furanone

		6

		0.01

		90;92;106;113; 118;119

		90

		119

		106

		12.0



		

		

		

		1

		0.10

		95

		95

		95

		95

		



		

		

		

		2

		0.50

		101;105

		101

		105

		103

		



		

		

		

		1

		1.0

		91

		91

		91

		91

		



		

		

		

		10

		overall

		

		90

		119

		103

		10.7



		10-2503
(10-2503-03)

Plots T-1A to  T-3A

GLP: yes

2010

		Edible turnip body

		BYI 02960

		3

		0.01

		77;95;100

		77

		100

		91

		13.3



		

		

		

		1

		0.10

		74

		74

		74

		74

		



		

		

		

		1

		0.50

		92

		92

		92

		92

		



		

		

		

		5

		overall

		

		74

		100

		88

		13.1



		

		

		difluoroacetic acid

		3

		0.02

		83;112;115

		83

		115

		103

		17.1



		

		

		

		1

		0.20

		85

		85

		85

		85

		



		

		

		

		1

		0.50

		86

		86

		86

		86

		



		

		

		

		5

		overall

		

		83

		115

		96

		16.5



		

		

		BYI 02960-difluoroethyl-aminofuranone

		3

		0.01

		84;105;116

		84

		116

		102

		16.0



		

		

		

		1

		0.10

		97

		97

		97

		97

		



		

		

		

		1

		0.50

		99

		99

		99

		99

		



		

		

		

		5

		overall

		

		84

		116

		100

		11.7



		

		leaf

		BYI 02960

		3

		0.01

		94;104;108

		94

		108

		102

		7.1



		

		

		

		1

		0.10

		81

		81

		81

		81

		



		

		

		

		1

		0.50

		103

		103

		103

		103

		



		

		

		

		5

		overall

		

		81

		108

		98

		11.0



		

		

		difluoroacetic acid

		3

		0.02

		100;113;115

		100

		115

		109

		7.4



		

		

		

		1

		0.20

		87

		87

		87

		87

		



		

		

		

		1

		0.50

		88

		88

		88

		88

		



		

		

		

		5

		overall

		

		87

		115

		101

		13.2



		10-2503
(10-2503-03)
Plots T-3A
GLP: yes

2010

		Edible turnip leaf

		BYI 02960-difluoroethyl-aminofuranone

		3

		0.01

		90;99;108

		90

		108

		99

		9.1



		

		

		

		1

		0.10

		92

		92

		92

		92

		



		

		

		

		1

		0.50

		99

		99

		99

		99

		



		

		

		

		5

		overall

		

		90

		108

		98

		7.3








		Study No.
Trial No.

GLP/
Year

		Crop

Fraction

		Analyte

		n

		Spiking level (mg/kg)

		Recovery (%)



		

		

		

		

		

		Individual recoveries

		Min

		Max

		Mean

		RSD



		10-2503
(10-2503-01)
to
(10-2503-04)
Plots T-1B to T-3B
GLP: yes

2010

		Lettuce head

		BYI 02960

		15

		0.01

		79;87;102;106;107109;110;116;92; 97;107;108;114; 116;117

		79

		117

		104

		10.7



		

		

		

		5

		0.10

		88;90;90;92;93

		88

		93

		91

		2.2



		

		

		

		2

		0.50

		103;106

		103

		106

		105

		



		

		

		

		2

		1.0

		92;94

		92

		94

		93

		



		

		

		

		2

		5.0

		90;98

		90

		98

		94

		



		

		

		

		26

		overall

		

		79

		117

		100

		10.5



		

		

		difluoroacetic acid

		12

		0.02

		90;93;94;95;97; 112;112;116;86; 89;93;95

		86

		116

		98

		10.2



		

		

		

		3

		0.05

		90;94;98

		90

		98

		94

		4.3



		

		

		

		2

		0.20

		92;94

		92

		94

		93

		



		

		

		

		5

		0.50

		93;101;90;91;92

		90

		101

		93

		4.7



		

		

		

		2

		1.0

		90;92

		90

		92

		91

		



		

		

		

		2

		5.0

		90;89

		89

		90

		90

		



		

		

		

		26

		overall

		

		86

		116

		95

		7.9



		

		

		BYI 02960-difluoroethyl-aminofuranone

		15

		0.01

		87;93;95;100;100;104;105;107;83;8386;88;90;92;96

		83

		107

		94

		8.4



		

		

		

		5

		0.10

		85;98;97;97;99

		85

		99

		95

		6.1



		

		

		

		2

		0.50

		97;109

		97

		109

		103

		



		

		

		

		2

		1.0

		86;101

		86

		101

		94

		



		

		

		

		2

		5.0

		97;96

		96

		97

		97

		



		

		

		

		26

		overall

		

		83

		109

		95

		7.7



		10-2503
(10-2503-01)
to (10-2503-04)
Plots T-1C to T-3C
GLP: yes

2010

		Barley green material

		BYI 02960

		2

		0.01

		92;104

		92

		104

		98

		



		

		

		

		1

		0.10

		88

		88

		88

		88

		



		

		

		

		1

		1.0

		85

		85

		85

		85

		



		

		

		

		4

		overall

		

		85

		104

		92

		9.0



		

		

		difluoroacetic acid

		2

		0.02

		88;97

		88

		97

		93

		



		

		

		

		1

		0.20

		87

		87

		87

		87

		



		

		

		

		1

		1.0

		82

		82

		82

		82

		



		

		

		

		4

		overall

		

		82

		97

		89

		7.1



		

		

		BYI 02960-

difluoroethyl-

aminofuranone

		2

		0.01

		91;93

		91

		93

		92

		



		

		

		

		1

		0.10

		99

		99

		99

		99

		



		

		

		

		1

		1.0

		95

		95

		95

		95

		



		

		

		

		4

		overall

		

		91

		99

		95

		3.6



		

		Barley grain

		BYI 02960

		4

		0.01

		86;91;98;89

		86

		98

		91

		5.6



		

		

		

		2

		0.10

		90;88

		88

		90

		89

		



		

		

		

		1

		1.0

		105

		105

		105

		105

		



		

		

		

		7

		overall

		

		86

		105

		92

		7.3



		

		

		difluoroacetic acid

		3

		0.02

		94;99;99

		94

		99

		97

		3.0



		

		

		

		1

		0.05

		82

		82

		82

		82

		



		

		

		

		1

		0.20

		72

		72

		72

		72

		



		

		

		

		1

		0.50

		74

		74

		74

		74

		



		

		

		

		1

		1.0

		71

		71

		71

		71

		



		

		

		

		7

		overall

		

		71

		99

		84

		15.0



		

		

		BYI 02960-

difluoroethyl-

aminofuranone

		4

		0.01

		92;95;95;82

		82

		95

		91

		6.8



		

		

		

		2

		0.10

		92;90

		90

		92

		91

		



		

		

		

		1

		1.0

		110

		110

		110

		110

		



		

		

		

		7

		overall

		

		82

		110

		94

		9.0



		

		Barley straw

		BYI 02960

		4

		0.01

		95;100;116;98

		95

		116

		102

		9.2



		

		

		

		2

		0.10

		65;92

		65

		92

		79

		



		

		

		

		1

		1.0

		76

		76

		76

		76

		



		

		

		

		7

		overall

		

		65

		116

		92

		18.2



		

		

		difluoroacetic acid

		3

		0.02

		101;106;116

		101

		116

		108

		7.1



		

		

		

		1

		0.05

		95

		95

		95

		95

		



		

		

		

		1

		0.20

		66

		66

		66

		66

		



		

		

		

		1

		0.50

		95

		95

		95

		95

		



		

		

		

		1

		1.0

		71

		71

		71

		71

		



		

		

		

		7

		overall

		

		66

		116

		93

		19.6








		Study No.
Trial No.

GLP/
Year

		Crop

Fraction

		Analyte

		n

		Spiking level (mg/kg)

		Recovery (%)



		

		

		

		

		

		Individual recoveries

		Min

		Max

		Mean

		RSD



		10-2503
(10-2503-01)
to (10-2503-04) 
Plots T-1C to T-3C
GLP: yes

2010

		Barley straw

		BYI 02960-difluoroethyl-aminofuranone

		4

		0.01

		81;83;96;80

		80

		96

		85

		8.8



		

		

		

		2

		0.10

		71;95

		71

		95

		83

		



		

		

		

		1

		1.0

		82

		82

		82

		82

		



		

		

		

		7

		overall

		

		71

		96

		84

		10.5







The freezer storage stability study indicates that BYI 02960 residues were stable in the various RACs during frozen storage for at least 12 months prior to analysis (See B.7.6).  Storage intervals are summarized in Table B.7.9.2-8. 

 

Table B.7.9.2-8:  Summary of Storage Conditions for Carrot, Lettuce, Turnip, and Barley

		Analytes

		Matrix

(RAC)

		Maximum Average

Storage Temperature(°C)

		Actual Storage Duration (days) 1

		Interval of Demonstrated Storage Stability months2



		BYI 02960, DFEAF,

DFA

		Carrot root

		< -18

		243 - 257

		365*



		

		Lettuce

		< -18

		277-291

		



		

		Barley forage

		< -18

		540

		



		

		Barley grain

		< -18

		480

		



		

		Barley straw

		< -18

		480

		



		

		Turnip

		

		Not reported

		





1    The storage duration is the time from field sampling through the last sample extraction.

2    See B.7.6

*on-going study to capture storage intervals beyond 12 months.



The analytical results of control samples (carrot root, turnip root, turnip leaf, lettuce, barley forage, barley grain, barley straw) showed no residues at or above the respective LOQs. Results of the analyses of field samples are summarized in Tables B.7.9.2-9 to B.7.9.2.-11.  Results were not corrected for concurrent recoveries. Residues are calculated as parent equivalents.  Residues of DFEAF were not detected at any rotation in any commodity.






Table B.7.9.2-9	: Results of field rotational crop trials following spray treatment with 

BYI 02960 SL 200 to soil or a target crop and then planting back and sampling of root crops 

		Study No.
(Trial No.)
Plot No
Country
GLP

		Rotational Crop,
Variety
(rotation information)

		Fraction

		BBCH

		DALT

(days)

		Residues (mg/kg) expressed as BYI 02960



		

		

		

		

		

		BYI 02960

		difluoro-acetic acid

		BYI 02960-difluoro-ethylamino-furanone

		total residue of BYI 02960 calc.



		10-2503
(10-2503-01)
10-2503-01-T-1A
Germany

		Carrot, Cestas F1 (Rotation 1)

PBI 25 days

		root

		47
49

		95
109

		<0.01
<0.01

		0.03
0.03

		<0.01
<0.01

		0.05
0.05



		10-2503
(10-2503-01)
10-2503-01-T-2A
Germany

		Carrot, Cestas F1 (Rotation 2)

PBI 70 days

		root

		48
49

		150
164

		<0.01
<0.01

		<0.02
<0.02

		<0.01
<0.01

		<0.04
<0.04



		10-2503
(10-2503-01)
10-2503-01-T-3A
Germany

		Carrot, Cestas 

(Rotation 3)

PBI 284 days

		root

		48
49

		396
410

		<0.01
<0.01

		0.03
0.04

		<0.01
<0.01

		0.05
0.06



		10-2503
(10-2503-02)
10-2503-02-T-1A
Netherlands

		Carrot, Nerja

(Rotation 1)

PBI 25 days

		root

		48
49

		92
106

		<0.01
<0.01

		0.03
0.05

		<0.01
<0.01

		0.05
0.07



		10-2503
(10-2503-02)
10-2503-02-T-2A
Netherlands

		Carrot, Nerja

(Rotation 2)

PBI 61 days

		root

		48
49

		151
165

		<0.01
<0.01

		0.03
0.03

		<0.01
<0.01

		0.05
0.05



		10-2503
(10-2503-02)
10-2503-02-T-3A
Netherlands

		Carrot, Nerja

(Rotation 3)

PBI 328 days

		root

		47
49

		406
420

		<0.01
<0.01

		<0.02
<0.02

		<0.01
<0.01

		<0.04
<0.04



		0-2503
(10-2503-03)
10-2503-03-T-1A
France

		Turnip, edible

Aramis (Rotation 1)

PBI 25 days

		body

		49
49

		82
96

		<0.01
<0.01

		0.12
0.10

		<0.01
<0.01

		0.14
0.12



		

		

		leaf

		49
49

		82
96

		0.03
0.02

		0.20
0.07

		<0.01
<0.01

		0.24
0.10



		10-2503
(10-2503-03)
10-2503-03-T-2A
France

		Turnip, edible

Aramis

(Rotation 2)

PBI 70 days

		body

		49
49

		127
141

		<0.01
<0.01

		0.05
0.04

		<0.01
<0.01

		0.07
0.06



		

		

		leaf

		49
49

		127
141

		0.02
<0.01

		0.08
0.03

		<0.01
<0.01

		0.11
0.05



		10-2503
(10-2503-03)
10-2503-03-T-3A
France

		Carrot, Turnip, edible Aramis

(Rotation 3)

PBI 314 days

		body

		47
47

		380
394

		<0.01
<0.01

		0.04
0.03

		<0.01
<0.01

		0.06
0.05



		

		

		leaf

		49
49

		380
394

		0.03
0.04

		0.11
0.16

		<0.01
<0.01

		0.15
0.21



		10-2503
(10-2503-04)
10-2503-04-T-1A
Spain

		Carrot, Coral Nantesa

(Rotation 1)

PBI 30 days

		root

		47
49

		100
114

		<0.01
<0.01

		0.05
0.06

		<0.01
<0.01

		0.07
0.08



		10-2503
(10-2503-04)
10-2503-04-T-2A
Spain

		Carrot, Coral Nantesa (Rotation 2)

PBI 145 days

		root

		49
49

		314
328

		<0.01
<0.01

		0.02
0.03

		<0.01
<0.01

		0.04
0.05



		10-2503
(10-2503-04)
10-2503-04-T-3A
Spain

		Carrot, Coral Nantesa

(Rotation 3)

PBI 279 days

		root

		47
49

		349
363

		<0.01
<0.01

		<0.02
0.03

		<0.01
<0.01

		<0.04
0.05










Table B.7.9.2-10: Results of field rotational crop trials following spray treatment with 

BYI 02960 SL 200 to soil or a target crop and then planting back and sampling of leafy vegetables. 

		Study No.
(Trial No.)
Plot No
Country
GLP

		Rotational Crop,
Variety
(rotation information)

		Crop

Fraction

		BBCH

		DALT
(days)

		Residues (mg/kg) expressed as BYI 02960



		

		

		

		

		

		BYI 02960

		difluoro-acetic acid

		BYI 02960-difluoro-ethylamino-furanone

		Total residue of BYI 02960 calc.



		10-2503
(10-2503-01)
10-2503-01-T-1B
Germany
GLP: yes

		Lettuce,

Argentines, Butterhead variety

(Rotation 1)

PBI 25 days

		head

		46
49

		63
77

		0.01
<0.01

		0.06
0.05

		<0.01
<0.01

		0.09
0.07



		10-2503
(10-2503-01)
10-2503-01-T-2B
Germany
GLP: yes

		Lettuce,

Argentines, Butterhead variety

(Rotation 2)

PBI 77 days

		head

		46
49

		124
138

		<0.01
<0.01

		<0.02
<0.02

		<0.01
<0.01

		0.04
0.04



		10-2503
(10-2503-01)
10-2503-01-T-3B
Germany
GLP: yes

		Lettuce,

Aleppo, Loose leaf variety

(Rotation 3)

PBI 320 days

		head

		46
49

		354
368

		<0.01
<0.01

		<0.02
<0.02

		<0.01
<0.01

		<0.04
<0.04



		10-2503
(10-2503-02)
10-2503-02-T-1B
Netherlands
GLP: yes

		Lettuce,

Lucan, Butterhead variety

(Rotation 1)

PBI 25 days

		head

		41
49

		46
60

		0.03
<0.01

		<0.02
<0.02

		<0.01
<0.01

		0.06
<0.04



		10-2503
(10-2503-02)
10-2503-02-T-2B
Netherlands
GLP: yes

		Lettuce,

Lucan, Butterhead variety

(Rotation 2)

PBI 64 days

		head

		46
49

		95
109

		<0.01
<0.01

		<0.02
<0.02

		<0.01
<0.01

		<0.04
<0.04



		10-2503
(10-2503-02)
10-2503-02-T-3B
Netherlands
GLP: yes

		Lettuce,

Lucan, Butterhead variety

(Rotation 3)

PBI 329 days

		head

		45
49

		358
372

		<0.01
<0.01

		<0.02
<0.02

		<0.01
<0.01

		<0.04
<0.04



		10-2503
(10-2503-03)
10-2503-03-T-1B
France
GLP: yes

		Lettuce,

Pitice, Loose leaf

(Rotation 1)

PBI 28 days

		head

		41
49

		55
69

		0.08
0.03

		0.12
0.11

		<0.01
<0.01

		0.21
0.16



		10-2503
(10-2503-03)
10-2503-03-T-2B
France
GLP: yes

		Lettuce,

Pitice, Loose leaf

(Rotation 2)

PBI 70 days

		head

		46
49

		107
121

		0.03
0.01

		0.08
0.09

		<0.01
<0.01

		0.12
0.11



		10-2503
(10-2503-03)
10-2503-03-T-3B
France
GLP: yes

		Lettuce,

Pitice, Loose leaf

(Rotation 3)

PBI 314 days

		head

		46
49

		357
371

		0.02
<0.01

		0.08
0.05

		<0.01
<0.01

		0.10
0.07



		10-2503
(10-2503-04)
10-2503-04-T-1B
Spain
GLP: yes

		Lettuce,

Murai, (leafy variety)

(Rotation 1)

PBI 30 days

		head

		47
49

		72
85

		0.03
0.01

		0.03
0.03

		<0.01
<0.01

		0.07
0.06



		10-2503
(10-2503-04)
10-2503-04-T-2B
Spain
GLP: yes

		Lettuce,

Pelican, Butterhead

(Rotation 2)

PBI 145 days

		head

		48
49

		291
305

		<0.01
<0.01

		<0.02
<0.02

		<0.01
<0.01

		<0.04
<0.04



		10-2503
(10-2503-04)
10-2503-04-T-3B
Spain
GLP: yes

		Lettuce,

Murai (leafy variety)

(Rotation 3)

PBI 279 days

		head

		47
49

		321
334

		<0.01
<0.01

		<0.02
<0.02

		<0.01
<0.01

		<0.04
<0.04







Table B.7.9.2-11:   Results of field rotational crop trials following spray treatment with 

BYI 02960 SL 200 to soil or a target crop and then planting back and sampling of cereal grains 

(barley)

		Study No.
(Trial No.)
Plot No
Country
GLP

		Rotational Crop,
Variety
(rotation information)

		Fraction

		DALT
(days)

		Residues (mg/kg) expressed as BYI 02960



		

		

		

		

		BYI 02960

		difluoroacetic acid

		BYI 02960-difluoro-ethylamino-furanone

		Total residue of BYI 02960 calc.



		10-2503
(10-2503-01)
10-2503-01-T-1C
Germany GLP: yes

		Barley,

Simba

(Rotation 1)

PBI 25 days

		green material

		56

		0.01

		0.11

		<0.01

		0.14



		

		

		grain

		116

		<0.01

		0.33

		<0.01

		0.35



		

		

		straw

		116

		0.02

		0.13

		<0.01

		0.15



		10-2503
(10-2503-01)
10-2503-01-T-2C
Germany GLP: yes

		Barley,

Leibnitz

(Rotation 2)

PBI 116 days

		green material

		305

		<0.01

		0.03

		<0.01

		0.05



		

		

		grain

		406

		<0.01

		0.10

		<0.01

		0.12



		

		

		straw

		406

		<0.01

		<0.05

		<0.01

		<0.07



		10-2503
(10-2503-01)
10-2503-01-T-3C
Germany GLP: yes

		Barley,

Simba

(Rotation 3)

PBI 284 days

		green material

		333

		<0.01

		<0.02

		<0.01

		<0.04



		

		

		grain

		420

		<0.01

		0.10

		<0.01

		0.12



		

		

		straw

		420

		<0.01

		<0.05

		<0.01

		<0.07



		10-2503
(10-2503-02*)
10-2503-02-T-1C
Netherlands
GLP: yes

		Barley,

Cervoise

(Rotation 1)

PBI 33 days

		green material

		226

		<0.01

		0.04

		<0.01

		0.06



		

		

		straw

		329

		<0.01

		<0.05

		<0.01

		<0.07



		10-2503
(10-2503-02)
10-2503-02-T-2C
Netherlands
GLP: yes

		Barley,

Cervoise

(Rotation 2)

PBI 137 days

		green material

		330

		<0.01

		0.03

		<0.01

		0.05



		

		

		grain

		446

		<0.01

		0.04

		<0.01

		0.06



		

		

		straw

		446

		<0.01

		<0.05

		<0.01

		<0.07



		10-2503
(10-2503-02)
10-2503-02-T-3C
Netherlands 

GLP: yes

		Barley,

Tripple

(Rotation 3)

PBI 295 days

		green material

		350

		<0.01

		0.02

		<0.01

		0.04



		

		

		grain

		459

		<0.01

		0.06

		<0.01

		0.08



		

		

		straw

		459

		<0.01

		<0.05

		<0.01

		<0.07



		10-2503
(10-2503-03)
10-2503-03-T-1C
France
GLP: yes

		Barley,

Attrction

(Rotation 1)

PBI 27 days

		green material

		126

		0.02

		0.37

		<0.01

		0.41



		

		

		grain

		218

		<0.01

		0.63

		<0.01

		0.65



		

		

		straw

		218

		0.04

		0.34

		<0.01

		0.39



		10-2503
(10-2503-03)
10-2503-03-T-2C
France GLP: yes

		Barley,

Attrction

(Rotation 2)

PBI 195 days

		green material

		294

		0.01

		0.10

		<0.01

		0.13



		

		

		grain

		386

		<0.01

		0.26

		<0.01

		0.28



		

		

		straw

		386

		0.02

		0.10

		<0.01

		0.12



		10-2503
(10-2503-03)
10-2503-03-T-3C
France GLP: yes

		Barley,

Attrction

(Rotation 3)

PBI 290 days

		green material

		324

		0.03

		0.15

		<0.01

		0.19



		

		

		grain

		419

		<0.01

		0.37

		<0.01

		0.39



		

		

		straw

		419

		<0.01

		0.17

		<0.01

		0.19



		10-2503
(10-2503-04)
10-2503-04-T-1C
Spain GLP: yes

		Barley,

Graphic

(Rotation 1)

PBI 27 days

		green material

		133

		<0.01

		0.03

		<0.01

		0.05



		

		

		grain

		233

		<0.01

		0.09

		<0.01

		0.11



		

		

		straw

		233

		0.01

		0.05

		<0.01

		0.08



		10-2503
(10-2503-04)
10-2503-04-T-2C
Spain GLP: yes

		Barley,

Graphic

(Rotation 2)

PBI 143 days

		green material

		249

		<0.01

		0.03

		<0.01

		0.05



		

		

		grain

		349

		<0.01

		0.09

		<0.01

		0.11



		

		

		straw

		349

		<0.01

		<0.05

		<0.01

		<0.07



		10-2503
(10-2503-04)
10-2503-04-T-3C
Spain GLP: yes

		Barley,

Graphic

(Rotation 3)

PBI 266 days

		green material

		306

		<0.01

		0.02

		<0.01

		0.04



		

		

		grain

		363

		<0.01

		0.09

		<0.01

		0.11



		

		

		straw

		363

		<0.01

		<0.05

		<0.01

		<0.07







B.7.9.2.2.3	Conclusion



Four field accumulation crop field trials were conducted in Europe (2 each in the northern and southern residue regions) in 2010-2011.  BYI  02960 was applied once as an SL 200 formulation, either to bare soil or to a target crop (lettuce),  at 200 g a.i./ha in order to support the anticipated use in the EU of BYI 02960 in non-perennial crops.  After harvest of the primary crop, if any, 3 types of rotational crops (root, leafy vegetables, cereal) were planted at 3 different PBIs, after which the target crop was harvested. The applications were at the required maximum rate for foliar applications in the NAFTA regions, but at about 0.5-fold GAP for soil treatment. 



Residues of parent were 0.02-0.03 mg/kg (1st rotation); <0.01-0.02 mg/kg (2nd rotation); 0.03-0.04 mg/kg (3rd rotation) in turnip leaves. Residues of parent were <0.01 mg/kg in carrot and turnip roots at all plantback intervals. Residues of parent were <0.01-0.08 mg/kg (1st rotation); <0.01-0.02 mg/kg (2nd rotation); <0.01-0.02 mg/kg (3rd rotation) in lettuce. Residues of parent were <0.01 mg/kg in barley grain at all plantback intervals. Residues of parent were <0.01-0.02 mg/kg (1st rotation); <0.01-0.01 mg/kg (2nd rotation); <0.01-0.03 mg/kg (3rd rotation) in barley green material. Residues of parent were <0.01-0.04 mg/kg (1st rotation); <0.01-0.02 mg/kg (2nd rotation); and <0.01 mg/kg (3rd rotation) in barley straw.



Residues of DFA were 0.07-0.20 mg/kg (1st rotation); <0.01-0.02 mg/kg (2nd rotation); 0.11-0.16 mg/kg (3rd rotation) for turnip leaves. Residues of DFA were 0.03-0.12 mg/kg (1st rotation); <0.02-0.05 mg/kg (2nd rotation); <0.02-0.04 mg/kg (3rd rotation) in carrot and turnip roots. Residues of DFA were <0.02-0.12 mg/kg (1st rotation); <0.02-0.09 mg/kg (2nd rotation); <0.02-0.08 mg/kg (3rd rotation) in lettuce. Residues of DFA were <0.01-0.37 mg/kg (1st rotation); 0.03-0.30 mg/kg (2nd rotation); <0.02-0.37 mg/kg (3rd rotation) in barley matrices.



Residues of BYI 02960-difluoroethylaminofuranone were less than LOQ (0.01 mg/kg) in all representative commodities and plantback intervals.
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Based on the results from the plant and animal metabolism studies, the major residues in both plant and animal commodities consist of parent flupyradifurone (BYI 02960) and difluoroacetic acid (DFA). 

 

Plant matrices:

Three methods were developed for the determination of the relevant residues of BYI 02960 in plant matrices.

 

Enforcement Method:  Method 01330 (Europe) determines BYI 02960 and its metabolite DFA by high pressure liquid chromatography tandem mass spectrometry (HPLC-MS/MS). Matrix-matched standards were used for quantification. The limit of quantitation (LOQ) were generally 0.01 mg/kg and 0.02 mg/kg for BYI 02960 and DFA, respectively, except for hop matrices, for which the respective LOQs were 0.05 and 0.10 mg/kg. All metabolite concentrations throughout the document are expressed as parent equivalents. Results of independent laboratory verification (ILV) demonstrated inter-laboratory reproducibility of the method.



Enforcement Method: Method RV-001-P10-02 (a.k.a. EU method no. 01304) which is proposed as an enforcement method for the NAFTA region (US and Canada) is discussed below.



European multi-residue methods (MRM) DFG S 19 and QuEChERS are unsuitable for the enforcement of BYI 02960 and its metabolite (DFA).  DFA could not be extracted using the extraction processes described in either of the methods.



FDA MRMs are unsuitable to enforce BYI 02960 and its plant and animal metabolites. The methods are suitable for BYI 02960, BYI 02960-difluoroethyl-amino-furanone (DFEAF), and BYI 02960-acetyl-AMCP only in non-fatty matrices, but are not suitable for the determination of DFA or BYI 02960-OH.  The methods are not suitable for fatty matrices or matrices that require further clean-up.  



Data Collection: Two HPLC-MS/MS methods using internal-standards were used as data collection methods to determine residues of BYI 02960 and three metabolites (DFA, DFEAF, 6-CNA) in plant matrices.  Method RV-001-P10-02, the LOQs in the primary study were generally 0.01 mg/kg for BYI 02960, DFEAF, and 6-CNA (all expressed in parent equivalents) and 0.02 mg/kg for DFA in crops high in acid and water content (e.g. oranges, tomatoes), or 0.05 mg/kg in dry and protein-rich matrices, fodder materials, and soybeans (such as dried bean seeds, wheat grain, wheat fodder, and soybean seeds).  The results of an independent laboratory validation (ILV) have demonstrated the inter­laboratory reproducibility of the method. 



Method 01212 (HPLC-MS/MS) uses the same extraction as RV-0001-P10-02, but has a slightly different clean-up method.  The LOQs for all analytes were the same as in RV-001-P10-02, except for DFA, for which the LOQ was 0.02 mg/kg in all matrix types.  



Animal matrices:

Two methods were developed for the determination of residues of BYI 02960 and its metabolites in animal matrices. 



Enforcement Method: Method 01214 is proposed as an enforcement method for the European Union (EU). It determines BYI 02960 and its metabolite DFA by HPLC-MS/MS. For quantification, matrix-matched standards were used.  The LOQs were 0.01 mg/kg and 0.02 mg/kg, respectively, in all matrices.  Results of an ILV demonstrated the inter-laboratory reproducibility of the method.



Enforcement Method: Method RV-004-A11-05, which is discussed below, is proposed as an enforcement method for North America. 



Data Collection: Method RV-004-A11-05 was used in the feeding studies.  It determines BYI 02960 and three metabolites (DFA, BYI 02960-acetyl-AMCP, BYI 02960-OH) in animal matrices using HPLC-MS/MS.  Internal standards were used for quantification.  The LOQs were generally 0.01 mg/kg for BYI 02960, BYI 02960-acetyl-AMCP, BYI 02960-OH in all matrices (all expressed in parent equivalents), as well as for DFA in poultry tissues, and 0.02 mg/kg for DFA in bovine matrices. Results of an ILV have demonstrated the inter-laboratory reproducibility of the method.



[bookmark: table431]Table B.5.2-1:  Summary of residue analytical methods for BYI 02960 in plant and animal matrices.

		Matrix

		Analyte

		Method No.

		Method principle

		LOQ (expressed in 

parent equivalents)

		Reference

Report No.



		Plant matrices Enforcement-EU



		Wheat grain

Lettuce, head

Orange, fruit

Rape, seed

		BYI 02960
DFA

		01330

		HPLC-MS/MS

		BYI 02960: 0.01 or 0.05  mg/kg

 DFA:  0.02 or

 0.10 mg/kg

		M-425848-01-2

M-427133-01-1





		Plant matrices Enforcement (NAFTA)/Data Gathering (EU)



		Wheat grain, forage

Bean/dried bean

Barley, straw

Lettuce, head

Lettuce, washings

Tomato, fruit

Orange, fruit

Rape, seed

Soybean, seeD

Sugarbeet, body

Sugarbeet, leaf with Root collar

Hops/green cone

Hops/kiln-dried cone

Hops/beer

Hops/brewers yeast

Hops/draff

		BYI 02960
DFEAF
DFA


		RV-001-P10-02/03

(01304)

		HPLC-MS/MS

		BYI 02960:  0.01 mg/kg 

DFEAF:  0.01 mg/kg

DFA:  0.02 or 0.05 mg/kg

6-CNA:  .01 mg/kg**

		M-401023-01-2

M-433355-01-1

M-415504-02-2

M-419323-01-1

M-432661-01-2





		

		BYI 02960
DFEAF
DFA


		01212

		HPLC-MS/MS

		BYI 02960:  0.01 mg/kg

DFEAF:  0.01 mg/kg

DFA:  0.02 mg/kg

6-CNA:  0.01 mg/kg**

		M-428017-01-2





		Animal matrices-Enforcement (EU)



		Bovine (muscle, liver, kidney,  and fat)

Poultry (muscle, liver, and fat)

Egg

Milk

Whole Cream

		BYI 02960
DFA

		01214

		HPLC-MS/MS

		BYI 02960:  0.01 mg/kg

DFA:  0.02 mg/kg

		M-425837-01-1

M-427160-01-1





		Animal matrices-Enforcement (NAFTA)/Data Gathering EU



		Bovine (muscle, liver, kidney,  and fat)

Poultry (muscle, liver, and fat)

Egg

Milk

Whole Cream

Whey

Urine

Excreta

		BYI 02960
DFA
-acetyl-AMCP
-OH

		RV-004-A11-05

		HPLC-MS/MS

		BYI 02960:  0.01 mg/kg

DFA:  0.01 or 0.02 mg/kg


-acetyl-AMCP:  0.01 mg/kg

-OH:  0.01 mg/kg

		M-429871-01-1

M-428416-02-1

M-42899-02-1

M-432185-02-1







[bookmark: _Toc209400315][bookmark: _Toc246154758][bookmark: _Toc214690697]
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B.5.2.1	Analytical methods for plant materials



Enforcement method in plant matrices suitable for the European Union region



The residue definition for plant commodities proposed by the applicant includes parent flupyradifurone (BYI 02960) and DFA, which were the major residues in plant metabolism studies.



		
Report:

		KIIA 4.3/01, Schulte, G., & Bauer, J.; 2012



		Title:

		Analytical method 01330 for the determination of residues of BYI 02960

And its metabolite difluoroacetic acid in/on plant matrix by HPLC-MS/MS - Enforcement method plant.



		Report No. &

Edition No.

		Method no. 01330, report no. MR-011/096

M-425848-01-2



		Guidelines:

		EU Council Directive 91/414/EEC amended by Commission Directive 96/68/EC

EU Guidance Document for residue analytical methods SANCO/825/00 rev. 7



		GLP:

		Yes (certified laboratory)







[bookmark: _Toc92863743][bookmark: _Toc92863923][bookmark: _Toc92864034][bookmark: _Toc92864152]Residue analytical method 01330, report no. MR-011/096 (Schulte & Bauer, 2012; KIIA 4.3/01) was developed as an EU enforcement method for the determination of the residues of BYI 02960 and its metabolite DFA in/on plants.  



Principle of the method:

Residues of BYI 02960 and its metabolite were extracted (twice) from the sample matrices using acetonitrile/water (4:1;; v/v) + 2.2 mL/L formic acid solution and homogenizing using a blender (for dry samples soak for 30 minutes) and filtered.  The resulting supernatants were combined. The remaining residues was washed using the same solvent.  The combined extracts were brought to volume with the extraction mixture.  An aliquot was diluted with the same extraction mixture, filtered through a membrane filter if necessary and analyzed using liquid chromatography with a triple-quadrupole mass spectrometer system with an electrospray interface in the positive-ion mode for BYI 02960 and in negative mode for DFA using LC-MS/MS.



Limits of quantification (LOQ):

The LOQ for BYI 02960 is 0.01 mg/kg for lettuce (head), rape (seed), orange (fruit), and wheat (grain) and 0.05 mg/kg for hop (cone), based on the lowest spiking level. The LOQ for difluoroacetic acid is 0.02 mg/kg for lettuce (head), rape (seed), orange (fruit), and wheat (grain), and 0.10 mg/kg for hop (cone), based on the lowest spiking level.



Specificity:

Apparent residues in control samples were below 30% of the LOQ.

 

Linearity:

Good linearity was observed in the range of 0.125–500 µg/L matrix matched standards with coefficients of determination (r2) of > 0.990.  

 

Repeatability:

The repeatability of the enforcement method was shown by the relative standard deviation (RSD) values, which were < 20 % for each matrix and spiking level as shown in Tables B.5.2.1-1 and 2. 



Confirmatory method:

LC-MS/MS was used to monitor multiple MS/MS ion transitions for each analyte for quantitation and confirmation as follows:

BYI 02960 m/z 289/126 (quantitation) and m/z 289/90 (confirmation)

DFA at m/z 95/51 (quantitation); alternate column (confirmation)



Validation:

The accuracy of the method was verified by performing analysis of samples spiked with BYI 02960 at concentrations of 0.01 and 0.10 mg/kg (0.05 and 0.5 mg/kg in hops); DFA was spiked at 0.02 and 0.20 mg/kg (0.10 and 1.0 mg/kg for hops), expressed in parent equivalents (primary and confirmatory analysis) from various representative matrices which include lettuce (head); rape (seed); orange (fruit) and wheat (grain) and hop (cone) samples. 



Although some of the %recoveries (DFA) are outside the laboratory repeatability criteria for analysis of pesticide residues, the relative standard deviation (<20%) were adequate relative to the respective concentration level tested.  The detailed results are shown in Table B.5.2.1-2.

 

Reproducibility (ILV):

As this method is proposed for use as the enforcement monitoring method for flupyradifurone residues in crops, a successful ILV of Method 01330 is presented in the next section (Study M-427133-01-1).



Extraction Efficiency:

The extraction procedures used for this method are the same as the extraction procedures used in the plant metabolism studies (except that formic acid (2.2 mL/L) was added to the extraction solution).  An extraction efficiency study was conducted using method 01304.  As the extraction procedures for method 01330 are the same as for 01304, the results of the study prove satisfactory extraction efficiency with method 01330.






Table B.5.2.1-1:  Recovery results for BYI 02960 from the method validation of method 01330 (enforcement method).

		Matrix

		Spiking Level* [mg/kg]

		Recovery Individual values

[%]

		Mean Recovery

[%]

		RSD [%]

		LOQ [mg/kg]



		QUANTIFICATION MRM (289/126)



		Lettuce / head

		0.01

		102,	 84, 94, 105,	 102

		97

		8.8

		0.01



		

		0.10

		92, 	99, 88,	 97, 99

		95

		5.1

		



		

		

		Overall recovery (n = 10)

		96

		6.9

		



		Rape / seed

		0.01

		99,	 98, 97, 92, 91

		95

		3.8

		0.01



		

		0.10

		96,	 98, 92, 92, 94

		94

		2.8

		



		

		

		Overall recovery (n = 5)

		95

		3.2

		



		Orange / fruit

		0.01

		96,	  97, 97,	 97, 88

		95

		4.1

		0.01



		

		0.10

		100,	 106, 103, 99,	 104

		102

		2.8

		



		

		

		Overall recovery (n = 10)

		99

		5.1

		



		Wheat / grain

		0.01

		100, 104,	 106, 104, 109

		105

		3.1

		0.01



		

		0.10

		109,	 104, 	105, 105, 105

		106

		1.8

		



		

		

		Overall recovery (n = 10)

		105

		2.5

		



		Hop / cone

		0.01

		86,1 	89, 94,	 90, 91

		91

		2.4

		0.05



		

		0.10

		92,	 94, 94,	 92, 93

		93

		1.1

		



		

		

		Overall recovery (n = 10)

		92

		2.0

		



		CONFIRMATORY MRM (289/90)



		Lettuce / head

		0.01

		103, 85, 95, 107,	 104

		99

		9.0

		0.01



		

		0.10

		91,	 97, 87,	 96, 98

		94

		5.0

		



		

		

		Overall recovery (n = 10)

		96

		7.5

		



		Rape / seed

		0.01

		100, 99,	 97, 93, 91

		96

		4.0

		0.01



		

		0.10

		94,	 97, 89,	 91, 91

		92

		3.4

		



		

		

		Overall recovery (n = 5)

		94

		4.1

		



		Orange / fruit

		0.01

		97,	 97, 97,	 96, 91

		96

		2.7

		0.01



		

		0.10

		98	, 105, 102, 98, 	104

		101

		3.2

		



		

		

		Overall recovery (n = 10)

		99

		4.2

		



		Wheat / grain

		0.01

		100, 101,	 107, 104, 108

		104

		3.4

		0.01



		

		0.10

		105, 100,	 101, 102, 102

		102

		1.8

		



		

		

		Overall recovery (n = 10)

		103

		2.8

		



		Hop / cone

		0.01

		84,1 	88, 94,	 88, 88

		90

		3.4

		0.05



		

		0.10

		88,	 92, 91,	 89, 91

		90

		1.8

		



		

		

		Overall recovery (n = 10)

		90

		2.5

		





*	spiked compound BYI  02960 determined as BYI  02960 expressed as BYI  02960

Footnotes: 1: only 1 injection used for calculation






Table B.5.2.1-2:	Recovery results for DFA from the method validation of 01330 (enforcement method.

		Matrix

		Spiking Level* [mg/kg]

		Recovery Individual values [%]

		Mean Recovery

[%]

		RSD [%]

		LOQ [mg/kg]



		QUANTIFICATION MRM (289/126) HILIC COLUMN



		Lettuce / head

		0.02

		100, 80, 88, 99, 104

		94

		10.5

		0.02



		

		0.20

		91, 	100, 88, 99,	101

		96

		6.1

		



		

		

		Overall recovery (n = 10)

		95

		8.1

		



		Rape / seed

		0.02

		68,	 71, 61,	 64, 62

		651

		6.5

		0.02



		

		0.20

		63,	 74, 61,	 56, 57

		621

		11.6

		



		

		

		Overall recovery (n = 5)

		641

		9.1

		



		Orange / fruit

		0.02

		101, 103,	 104, 94,	 84

		97

		8.6

		0.02



		

		0.20

		99,	 97, 95,	 97, 99

		97

		1.7

		



		

		

		Overall recovery (n = 10)

		97

		5.8

		



		Wheat / grain

		0.02

		104, 89, 92, 83, 86

		91

		8.9

		0.02



		

		0.20

		96,	 87, 88,	 82, 87

		88

		5.7

		



		

		

		Overall recovery (n = 10)

		89

		7.3

		



		Hop / cone

		0.10

		97	, 96, 105, 101,	 105

		101

		4.2

		0.10



		

		1.0

		105, 102,	 105, 97,	 102

		102

		3.2

		



		

		

		Overall recovery (n = 10)

		102

		3.6

		



		HYPERCARB COLUMN (CONFIRMATORY)



		Lettuce / head

		0.02

		100, 78, 	88, 94, 96

		91

		9.4

		0.02



		

		0.20

		94, 101,	 90, 100,	 100

		97

		4.9

		



		

		

		Overall recovery (n = 10)

		94

		7.7

		



		Rape / seed

		0.02

		73, 	74, 66,	 68, 68

		70

		5.0

		0.02



		

		0.20

		67	, 71, 60,	 60, 61

		641

		7.8

		



		

		

		Overall recovery (n = 5)

		671

		7.7

		



		Orange / fruit

		0.02

		101,	 99, 101, 97, 89

		97

		5.1

		0.02



		

		0.20

		103, 100,	 101, 98,	 103

		101

		2.1

		



		

		

		Overall recovery (n = 10)

		99

		4.1

		



		Wheat / grain

		0.02

		86,	 90, 90,	 84, 86

		87

		3.1

		0.02



		

		0.20

		92,	 92, 93,	 87, 92

		91

		2.6

		



		

		

		Overall recovery (n = 10)

		89

		3.6

		



		Hop / cone

		0.10

		113, 110,	 113, 100, 103

		108

		5.5

		0.10



		

		1.0

		97,	 94, 96,	 101, 102

		98

		3.5

		



		

		

		Overall recovery (n = 10)

		103

		6.7

		





*	spiked compound DFA; determined as DFA expressed as BYI 029600

Footnotes: 1: mean recoveries were below 70%; this was accepted due to the RSD of < 20%


Conclusion: 

The proposed residue analytical enforcement method was tested on a wide variety of plant matrices and meets all guideline criteria for determining residues of BYI 02960 and DFA.  The validated LOQ for each analyte in each plant matrix tested is 0.01 and 0.02 mg/kg, respectively, except for hop cones, which were 0.05 and 0.10, respectively.  For both analytes, the individual recoveries were within the acceptable range of 70–110%, with one exception for DFA on hop cones (113%) and rape seed (56-68%). For both analytes, the mean recoveries from all plant matrices ranged from 70–110%, with the exception of 3 mean recoveries for DFA in rape seed 62-65%.  The %RSDs for both analytes for all matrices were <20%.  

   

[bookmark: _Toc214690698]


Independent laboratory validation of method 01330



		
Report:

		KIIA 4.3/02, Konrad, S.; 2012



		Title:

		Independent lab validation of BCS method 01330 for the determination of residues of BYI 02960 and its metabolite difluoroacetic acid in/on plant matrices by HPLC-MS/MS



		Report No. &

Edition No.

		2011/0134/01
M-427133-01-1



		Guidelines:

		EU Regulation (EC) No. 1107/2009

EU Guidance Document for residue analytical methods SANCO/825/00 rev. 8.1

EU Guidance Document for residue analytical methods SANCO/3029/99

OECD Guidance Document on pesticide residue analytical methods ENV/JM/Mono (2007)

US EPA Residue Chemistry Test Guideline OPPTS 860.1340, residue analytical methods



		GLP:

		Yes (certified laboratory)







The report (2011/0134/01) describes the Independent Laboratory Validation (ILV) of Method 01330 for the determination of residues of BYI 02960 and DFA in lettuce (head), orange (fruit), and wheat (grain).  The ILV was conducted by an external laboratory.



Representative crops of high-water (lettuce), high-acid (orange), and grain (wheat) samples were each spiked with BYI 02960 at 0.01 mg/kg (LOQ) and 0.10 mg/kg (10-fold LOQ) and at 0.02 mg/kg (LOQ) and 0.20 mg/kg for DFA.  Five replicate samples for each commodity at each level were tested by the independent laboratory.  Control samples of each commodity were also analyzed in duplicate. 



The performing laboratory utilized the proposed enforcement Method 01330 as written. The results from the ILV are summarised in Table B.5.2.1.3-4.  The method was successfully validated.  Individual recovery values obtained for all samples for both spiking levels (LOQ and tenfold LOQ) were within the generally recognized acceptable range of 70–110% (with one exception on wheat grain (BYI 02960) and two exceptions on wheat grain (DFA) 60 and 65%. The mean recovery values obtained for all samples for both spiking levels were within the acceptable range of 70–110, with one exception for DFA at 68%. The %RSDs for both analytes for all matrices were <20%.   






Table B.5.2.1-3:  Recovery results for BYI 02960 from independent laboratory validation of method 01330.

		Matrix

		Spiking Level* [mg/kg]

		Recovery

Individual values

[%]

		Mean Recovery

[%]

		RSD [%]

		LOQ [mg/kg]



		QUANTIFICATION MRM (289/126)



		Lettuce / head

		0.01

		89,	 91, 90,	 92, 89

		90

		1.4

		0.01



		

		0.1

		89,	 91, 91,	 94, 92

		91

		2.0

		



		

		

		Overall recovery (n = 10)

		91

		1.8

		



		Wheat / grain

		0.01

		77,	 84, 92,	 89, 86

		86

		6.7

		0.01



		

		0.1

		80,	 92, 95,	 95, 92

		91

		6.8

		



		

		

		Overall recovery (n = 10)

		88

		7.0

		



		Orange / fruit

		0.01

		89, 	92, 96,	 93, 92

		92

		3.0

		0.01



		

		0.1

		96	, 101, 100, 102,	 98

		99

		2.4

		



		

		

		Overall recovery (n = 10)

		96

		4.5

		



		CONFIRMATORY MRM (289/90)



		Lettuce / head

		0.01

		94,	 88, 93,	 93, 90

		92

		2.5

		0.01



		

		0.1

		95,	 95, 92,	 96, 94

		94

		1.5

		



		

		

		Overall recovery (n = 10)

		93

		2.5

		



		Wheat / grain

		0.01

		67,	 74, 75,	 81, 76

		75

		7.0

		0.01



		

		0.1

		84,	 95, 98, 	98, 93

		93

		6.3

		



		

		

		Overall recovery (n = 10)

		84

		13.4

		



		Orange / fruit

		0.01

		94,	 92, 103, 100,	 101

		98

		4.5

		0.01



		

		0.1

		99, 104, 104, 104, 102

		103

		1.9

		



		

		

		Overall recovery (n = 10)

		100

		4.0

		





*	spiked compound BYI  02960 determined as BYI  02960	 expressed as BYI  02960



Table B.5.2.1-4:	  Recovery results for DFA from independent laboratory validation of method 01330. 

		Matrix

		Spiking Level* [mg/kg]

		Recovery Individual values

[%]

		Mean Recovery [%]

		RSD

[%]

		LOQ [mg/kg]



		HILIC COLUMN (PRIMARY)



		Lettuce / head

		0.01

		95,	 92, 93,	 97, 93

		94

		2.1

		0.01



		

		0.1

		100, 100,	 96, 97, 99

		99

		1.8

		



		

		

		Overall recovery (n = 10)

		96

		3.2

		



		Wheat / grain

		0.01

		85, 	86, 86,	 87, 89

		87

		2.1

		0.01



		

		0.1

		71,	 70, 72,	 65, 60

		68

		7.2

		



		

		

		Overall recovery (n = 10)

		77

		13.7

		



		Orange / fruit

		0.01

		87,	 88, 106, 91, 94

		93

		8.3

		0.01



		

		0.1

		103, 99,	103, 98, 98

		100

		2.5

		



		

		

		Overall recovery (n = 10)

		97

		6.8

		



		HYPERCARB COLUMN (CONFIRMATORY)



		Lettuce / head

		0.01

		79,	 78, 81, 	72, 80

		78

		4.3

		0.01



		

		0.1

		88,	 88, 84,	 91, 89

		88

		2.9

		



		

		

		Overall recovery (n = 10)

		83

		7.1

		



		Wheat / grain

		0.01

		88, 	84, 86,	 98, 93

		90

		6.2

		0.01



		

		0.1

		74,	 72, 71,	 76, 71

		73

		2.7

		



		

		

		Overall recovery (n = 10)

		81

		12.1

		



		Orange / fruit

		0.01

		89,	 96, 81,	 92, 87

		89

		6.4

		0.01



		

		0.1

		91,	 88, 86,	 91, 86

		88

		2.8

		



		

		

		Overall recovery (n = 10)

		89

		4.7

		





*	spiked compound DFA determined as DFA expressed as BYI  02960

Conclusion: 

Method 01330 for the determination of residues of BYI 02960 and DFA was successfully validated by an independent laboratory.  The method fulfils the reproducibility requirement and is, therefore, suitable for use as an enforcement method for plant commodities. 



Enforcement method suitable for the NAFTA region



		

Report:

		KIIA 4.3/03, Li, Y. 2010



		Title:

		An Analytical Method for the Determination of Residues of BYI 02960, 6-Chloronicotinic Acid, Difluoroacetic Acid and Difuoroethyl-amino-furanone in Plant Matrices Using LC-MS/MS



		Report No. &

Edition No.

		RV-001-P10-02(or also known as EU method 01304)

M-401023-01-2



		Guidelines:

		OPPTS 860.1340 – Residue Analytical method

PMRA DACO 7.2.1 Supervised Residue Trial Analytical Methodology

EU Guidance document for residue analytical methods SANCO/825/00 rev. 7



		GLP:

		Yes (certified laboratory)







		

Report:

		KIIA 4.3/04, Li, Y. 2010



		Title:

		An Analytical Method for the Determination of Residues of BYI 02960, 6-Chloronicotinic Acid, Difluoroacetic Acid and Difuoroethyl-amino-furanone in Plant Matrices Using LC-MS/MS



		Report No. &

Edition No.

		RV-001-P10-03  (final revision of RV-001-P10-02)

M-433355-01-1



		Guidelines:

		OPPTS 860.1340 – Residue Analytical method

PMRA DACO 7.2.2 Enflorcement Analytical Method

EU Guidance document for residue analytical methods SANCO/825/00 rev. 7



		GLP:

		Yes (certified laboratory)







		

Report:

		KIIA 4.3/05, Li, Y. & Schoening, R.; 2012



		Title:

		Amendment No. 1 - Validation of Bayer CropScience method RV-001-P10-02 - An analytical method for the determination of residues of BYI 02960, 6-chloronicotinic acid, difluoroacetic acid, and difluoroethyl-amino-furanone in plant matrices using LC-MS/MS



		Report No. &

Edition No.

		RARVP013 
M-415504-02-2



		Guidelines:

		OPPTS 860.1340 – Residue Analytical Method

PMRA DACO 7.2.1/2 Residue Analytical Method

EU Guidance document for residue analytical methods SANCO/825/00 rev. 7



		GLP:

		Yes (certified laboratory)










		
Report:

		KIIA 4.3/06, Justus, K.; 2011



		Title:

		Extraction efficiency testing of the residue analytical method RV-001-P10-02 for the determination of BYI 02960, 6-chloronicotinic acid, difluoroacetic acid and difluoroethyl-amino-furanone in plant matrices using aged radioactive residues



		Report No. &

Edition No.

		MEF-11/793
M-419323-01-1



		Guidelines:

		US EPA OPPTS 860.1340 

PMRA DACO 7.2.2 Residue Analytical Method

EU Guidance document for residue analytical methods SANCO/825/00 rev. 7



		GLP:

		Yes (certified laboratory)







Data Collection Method



Residue analytical method RV-001-P10-02 (or EU method 01304, Li, 2010; KIIA 4.3/03) was developed as a data collection method.  Method RV-001-P10-03 (KIIA 4.3/04) is the latest revision of RV­001­P10-02 and has incorporated changes and modifications suggested as a result of routine use and the independent laboratory validation.  This method is being proposed as the NAFTA enforcement method for the determination of the residues of BYI 02960 and its metabolites DFA, DFEAF, and 6­CNA in/on plants.  The method validation is reported in study report RARVP013 (Li & Schoening, 2012; KIIA 4.3/05).  



Principle of the method:

Residues of flupyradifurone were extracted (5 g) twice from the sample matrices with acetonitrile/water (4:1; v/v) with 2.2 mL/L formic acid.  Aliquots of the extracts are purified through a C-18 solid-phase extraction column, and then amended with a mixture of stable, isotopically labelled internal standards.  The final solution was analyzed by HPLC-MS/MS. 



Limit of quantification (LOQ):

The validated LOQ for BYI 02960 and DFEAF is 0.01 mg/kg and for DFA is 0.02 mg/kg (wet matrices) and 0.05 mg/kg (dry matrices).



Linearity:

Good linearity was observed in the range of 0.25–312.5 µg/L using internal standards with coefficients of determination (r2) of >0.990.  



Specificity:

Apparent residues in control samples were below 30% of the LOQ.



Repeatability:

The repeatability of the method is defined as the dispersion of the validation results and is expressed as the RSD. RSDs less than 20% were obtained for spiking levels made at the quantification limit for each matrix (except on orange fruit (37.3%) and wheat grain (34.9%) for BYI 02960, as well as at higher levels.  Therefore, the repeatability of this method is adequate for the purposes of residue data collection/enforcement (NAFTA) (see Table B.5.2.1-5-7).

Confirmatory method:

LC-MS/MS was used to monitor multiple MS/MS ion transitions for each analyte for quantitation and confirmation as follows:

BYI 02960 m/z 289/126 (quantitation) and m/z 289/90 (confirmation)

DFEAF m/z 162/94 (quantitation) and m/z 162/98 (confirmation)

	DFA at m/z 95/51 (quantitation); alternate column (confirmation)



A second column system (Method II) was used as confirmatory method due to repeatability issues with BYI 02960 at the LOQ in some matrices (orange fruit and wheat grain).  For DFA, a third column system (Method III) was used since no second MRM transition is available.  The confirmatory methods were fully validated; hence the quantitation and confirmation methods may be used interchangeably if desired.  



Validation:

The accuracy of the method was verified by performing analysis of samples spiked with each analyte (BYI 02960, DFEAF, and DFA) at the limit of quantification and at higher levels (primary and confirmatory analysis) from various representative matrices which include dried bean, orange fruit, soybean seed, tomato fruit, and wheat grain/forage.  In addition to the matrices included in the validation, matrices were validated within the residue studies themselves to support EU requirements.  Limited validation sets were prepared for various matrices related to lettuce (head, washings), cereals (barley straw), hops (beer, brewer's yeast, draff), and sugar beet (root and tops).  Full validations were conducted for hop cones (both green and dried).  



Although some of the %recoveries are outside the laboratory repeatability criteria for analysis of pesticide residues, the relative standard deviation (<20%) were adequate (except in orange fruit (37.3%) and wheat grain (34.9%) relative to the respective concentration level tested.   The detailed results are shown in Table (see Table B.5.2.1-5-7).



Reproducibility (ILV):

As this method is proposed for use as the enforcement (NAFTA) monitoring method for flupyradifurone residues in crops, a successful ILV of Method RV-001-P10-02 is presented in the next section (Study M-432661-01-2).






Table B.5.2.1-5:  Recovery results for BYI 02960 from method validation of RV-001-P10-.

		Sample material

		Spiking level

 [mg/kg]

		Individual values [%]

		Mean value [%]

		SD*[%]

		RSD [%]

		LOQ [mg/kg]



		PRIMARY METHOD: HILIC COLUMN, MRM 289/126



		Bean/ dried bean

		0.01

		92, 88, 94, 85, 91, 108

		93

		8.1

		8.6

		0.01



		

		1.0

		90, 107, 111, 130	, 104

		109

		14.6

		13.3

		



		

		

		Overall recovery (n = 11)

		100

		

		13.4

		



		Wheat / forage

		0.01

		102	, 104, 99, 92, 86

		97

		7.5

		7.7

		0.01



		

		1.0

		98, 99, 92, 86, 99

		95

		5.5

		6.0

		



		

		

		Overall recovery (n = 10)

		96

		

		6.6

		



		Orange / fruit

		0.01

		104, 105, 89, 109	, 88

		99

		9.9

		9.9

		0.01



		

		1.0

		87, 106, 101, 98, 109

		100

		8.4

		8.5

		



		

		

		Overall recovery (n = 10)

		100

		

		8.7

		



		Soybean / seed

		0.01

		83, 92, 105, 75, 83

		87

		11.3

		13.1

		0.01



		

		1.0

		101	, 103, 94, 74, 99

		94

		11.9

		12.5

		



		

		

		Overall recovery (n = 10)

		91

		

		12.6

		



		Tomato / fruit

		0.01

		94, 82, 99, 	105, 105

		97

		9.8

		9.9

		0.01



		

		0.1

		88, 86, 102, 103, 108

		97

		9.8

		10.0

		



		

		1.0

		87, 91, 81, 85, 96

		88

		5.8

		6.5

		



		

		

		Overall recovery (n = 15)

		94

		

		9.7

		



		Wheat /grain

		0.01

		100, 85, 89, 87, 74

		87

		9.4

		10.7

		0.01



		

		1.0

		93, 92, 98, 81, 73

		88

		10.0

		11.6

		



		

		

		Overall recovery (n = 10)

		87

		

		10.5

		



		Lettuce / head1

		0.01

		92, 97, 107

		99

		

		7.7

		0.01



		

		0.1

		90, 92, 93

		92

		

		1.7

		



		

		

		Overall recovery (n = 6)

		95

		

		6.6

		



		Lettuce/  washings2

		0.01

		99, 102, 106, 109, 117

		107

		

		6.5

		0.01



		

		0.5

		95, 97, 111

		101

		

		8.6

		



		

		

		Overall recovery (n = 8)

		105

		

		7.3

		



		Barley / straw3

		0.01

		104, 106, 106, 108, 111

		107

		

		2.5

		0.01



		

		0.1

		105, 107, 111

		108

		

		2.8

		



		

		

		Overall recovery (n = 8)

		107

		

		2.4

		



		Hops/ green

cone4

		0.1

		89, 89, 91, 94, 95

		92

		

		3.0

		0.1



		

		1.0

		85, 86, 87, 92, 98

		90

		

		6.0

		



		

		

		Overall recovery (n = 10)

		91

		

		4.6

		



		Hops / kiln-dried cone4

		0.1

		102	, 103, 104, 105, 106

		104

		

		1.5

		0.1



		

		1.0

		107	, 108, 111, 114, 115

		111

		

		3.2

		



		

		

		Overall recovery (n = 10)

		108

		

		4.2

		



		Hops / beer4

		0.01

		95, 100, 110, 114	, 115

		107

		

		8.3

		0.01



		

		0.1

		105, 112, 	116

		111

		

		5.0

		



		

		

		Overall recovery (n = 8)

		108

		

		7.1

		








		PRIMARY METHOD, HILIC COLUMN MRM 289/126 



		Sample material

		Spiking level [mg/kg]

		Individual values [%]

		Mean value [%]

		SD*[%]

		RSD [%]

		LOQ [mg/kg]



		Hops / brewer's yeast4

		0.1

		98, 109, 111, 111, 113

		108

		

		5.5

		0.1



		

		1.0

		77, 99, 102

		93

		

		14.7

		



		

		

		Overall recovery (n = 8)

		103

		

		11.5

		



		Hops / draff4

		0.1

		84, 94, 96	, 105, 108

		97

		

		9.8

		0.1



		

		1.0

		101, 102, 105

		103

		

		2.0

		



		

		

		Overall recovery (n = 8)

		99

		

		7.8

		



		Sugar beet/

body5

		0.01

		89, 97, 98, 99, 100

		97

		

		4.5

		0.01



		

		0.5

		92, 94, 95

		94

		

		1.6

		



		

		

		Overall recovery (n = 8)

		96

		

		3.9

		



		Sugar beet / leaf with root collar5

		0.01

		90, 94, 94

		93

		

		2.5

		0.01



		

		0.5

		93, 97, 97

		96

		

		2.4

		



		

		

		Overall recovery (n = 6)

		94

		

		2.8

		



		HILIC, CONFIRMATORY MRM 289/90



		Bean / dried

bean

		0.01

		89, 80, 98, 109, 87, 104

		95

		10.9

		11.7

		0.01



		

		1.0

		102, 103, 110, 137, 112

		113

		14.2

		12.6

		



		

		

		Overall recovery (n = 11)

		103

		

		14.8

		



		Wheat / forage

		0.01

		82, 95, 80, 85, 108

		90

		11.6

		12.9

		0.01



		

		1.0

		96, 108, 100, 97, 96

		99

		4.9

		5.1

		



		

		

		Overall recovery (n = 10)

		95

		

		10.3

		



		Orange / fruit

		0.01

		79, 81, 137	, 47, 91

		87

		32.21

		37.3

		0.01



		

		1.0

		83, 99, 90, 95, 103

		94

		7.6

		8.3

		



		

		

		Overall recovery (n = 10)

		91

		

		24.9

		



		Soybean / seed

		0.01

		113, 120, 99, 117, 87

		107

		13.9

		12.9

		0.01



		

		1.0

		104	, 111, 95, 103, 90

		101

		8.1

		8.2

		



		

		

		Overall recovery (n = 10)

		104

		

		10.9

		



		Tomato / fruit

		0.01

		81, 92, 73	, 119, 103

		93

		18.2

		19.4

		0.01



		

		0.1

		95, 	95, 97, 	120, 112

		104

		11.4

		11.1

		



		

		1.0

		107, 108, 96, 111, 105

		105

		5.6

		5.4

		



		

		

		Overall recovery (n = 15)

		101

		

		12.9

		



		Wheat /grain

		0.01

		65, 116, 157, 89, 84

		102

		35.6

		34.96

		0.01



		

		1.0

		97, 119, 97, 82, 76

		94

		16.7

		17.7

		



		

		

		Overall recovery (n = 10)

		98

		

		27.16

		



		2ND CONFIRMATORY METHOD, GEMINI COLUMN, MRM 289/126



		Bean / dried

bean

		0.01

		100, 106	, 97, 100, 102, 95, 95, 91, 93, 91, 90

		96

		5.0

		5.3

		0.01



		

		1.0

		92, 99, 114, 113, 97

		103

		9.7

		9.6

		



		

		

		Overall recovery (n = 16)

		98

		

		7.5

		



		Wheat / forage

		0.01

		95, 94, 87, 94, 94

		93

		3.1

		3.5

		0.01



		

		1.0

		86, 95, 86, 85, 81

		87

		5.3

		5.9

		



		

		

		Overall recovery (n = 10)

		90

		

		5.8

		














		2ND CONFIRMATORY METHOD, GEMINI COLUMN, MRM 289/126



		Sample material

		Spiking level [mg/kg]

		Individual values [%]

		Mean value [%]

		SD*[%]

		RSD [%]

		LOQ [mg/kg]



		Orange / fruit

		0.01

		103, 91, 91, 96, 98

		96

		4.9

		5.3

		0.01



		

		1.0

		97, 98, 96, 91, 95

		96

		2.6

		2.8

		



		

		

		Overall recovery (n = 10)

		96

		

		4.0

		



		Soybean / seed

		0.01

		101, 98, 106, 110, 98

		102

		5.2

		5.1

		0.01



		

		1.0

		90, 92, 96, 96, 90

		93

		2.8

		3.3

		



		

		

		Overall recovery (n = 10)

		98

		

		6.7

		



		Tomato / fruit

		0.01

		97, 96, 88, 114, 79

		95

		13.0

		13.7

		0.01



		

		1.0

		87, 96, 104, 94, 94

		95

		6.3

		6.4

		



		

		

		Overall recovery (n = 10)

		95

		

		10.1

		



		Wheat / grain

		0.01

		86, 91, 101, 87, 94

		92

		5.9

		6.6

		0.01



		

		1.0

		93, 95, 99, 95, 83

		93

		5.8

		6.5

		



		

		

		Overall recovery (n = 10)

		92

		

		6.2

		



		2ND CONFIRMATORY METHOD, GEMINI COLUMN, MRM 289/90



		Bean / dried

bean

		0.01

		95, 103, 96, 103, 108, 88, 101, 95, 88, 94, 90

		96

		6.6

		6.8

		0.01



		

		1.0

		93, 98, 115, 114, 97

		104

		10.4

		10.0

		



		

		

		Overall recovery (n = 16)

		99

		

		8.4

		



		Wheat / forage

		0.01

		95, 88, 100, 90, 97

		94

		4.9

		5.3

		0.01



		

		1.0

		83, 93, 85, 86, 80

		85

		4.9

		5.7

		



		

		

		Overall recovery (n = 10)

		90

		

		7.2

		



		Orange / fruit

		0.01

		102, 103, 93, 87, 96

		96

		6.7

		6.2

		0.01



		

		1.0

		92, 98, 94, 93, 95

		95

		2.4

		2.4

		



		

		

		Overall recovery (n = 10)

		96

		

		4.6

		



		Soybean / seed

		0.01

		94, 98, 93, 90, 90

		93

		3.4

		3.6

		0.01



		

		1.0

		92, 90, 91, 94, 90

		92

		1.8

		1.8

		



		

		

		Overall recovery (n = 10)

		92

		

		2.8

		



		Tomato / fruit

		0.01

		100, 92, 82, 117, 77

		93

		15.7

		16.9

		0.01



		

		1.0

		86, 91, 97, 92, 96

		92

		4.5

		4.8

		



		

		

		Overall recovery (n = 10)

		93

		

		11.8

		



		Wheat / grain

		0.01

		105, 90, 102, 82, 101

		96

		9.6

		10.1

		0.01



		

		1.0

		94, 96, 98, 94, 84

		93

		5.6

		5.8

		



		

		

		Overall recovery (n = 10)

		95

		

		8.0

		





spiked compound BYI  02960 determined as BYI  02960 	expressed as BYI  02960

*	as shown in report RARVP013

Footnotes:
1: this crop/matrix was validated as part of study10-2213 (KIIA 6.3.1/03)

2: this crop/matrix was validated as part of study 10-3223 (KIIA 6.5.4/01)

3: this crop/matrix was validated as part of study10-2237 (to be submitted later; data available on request)

4:	this crop/matrix was validated as part of studies 10-2225 (KIIA 6.3.2/01) / 10-3407 (KIIA 6.5.4/02)

5:	this crop/matrix was validated as part of study 10-2240 (to be submitted later; data available on request)
6:	as the precision of this procedure was insufficient, an additional "2nd confirmatory procedure" was developed and validated





Table B.5.2.1-6:	Recovery results for DFEAF from method validation of RV-001-P10-.

		Sample 

material

		Spiking level

[mg/kg]

		Individual values

[%]

		Mean value [%]

		SD*
[%]

		RSD [%]

		LOQ [mg/kg]



		PRIMARY ION TRANSITION, MRM 162/94



		Bean / dried

bean

		0.01

		88, 82, 85, 87, 79

		84

		3.9

		4.4

		0.01



		

		0.013

		110, 96, 88, 102, 94, 87

		96

		8.8

		9.1

		



		

		1.3

		90, 95, 135, 118, 110

		109

		18.1

		16.5

		



		

		

		Overall recovery (n = 16)

		97

		

		15.5

		



		Wheat / forage

		0.01

		120, 94, 83, 91, 86

		95

		14.6

		15.5

		0.01



		

		0.013

		93, 103, 91, 99, 94

		96

		4.7

		5.1

		



		

		1.3

		82, 95, 91, 84, 100

		90

		7.8

		8.3

		



		

		

		Overall recovery (n = 15)

		94

		

		10.2

		



		Orange / fruit

		0.01

		99, 96, 119, 125, 113

		110

		12.5

		11.4

		0.01



		

		0.013

		89, 99, 82, 98, 95

		93

		7.3

		7.7

		



		

		1.3

		93, 104, 103, 94, 106

		100

		6.0

		6.0

		



		

		

		Overall recovery (n = 15)

		101

		

		11.2

		



		Soybean / seed

		0.01

		94, 103, 89, 89, 96

		94

		5.9

		6.2

		0.01



		

		0.013

		93, 81, 106, 112, 105

		99

		12.5

		12.5

		



		

		1.3

		94, 98, 91, 103, 94

		96

		4.8

		4.8

		



		

		

		Overall recovery (n = 15)

		97

		

		8.3

		



		Tomato / fruit

		0.01

		96, 136, 100, 94, 104

		106

		17.4

		16.2

		0.01



		

		0.013

		85, 94, 90, 105, 78

		90

		10.1

		11.2

		



		

		0.13

		89, 98, 107, 90, 99

		97

		7.3

		7.6

		



		

		1.3

		95, 97, 94, 95, 96

		96

		1.2

		1.2

		



		

		

		Overall recovery (n = 20)

		97

		

		11.7

		



		Wheat /grain

		0.01

		97, 79, 106, 97, 116

		99

		13.4

		13.8

		0.01



		

		0.013

		102, 96, 113, 94, 118

		105

		10.4

		10.1

		



		

		1.3

		94, 104, 109, 91, 93

		98

		7.8

		8.0

		



		

		

		Overall recovery (n = 15)

		101

		

		10.5

		



		Lettuce / head1

		0.01

		83, 86, 90

		86

		

		4.1

		0.01



		

		0.1

		97, 97, 99

		98

		

		1.2

		



		

		

		Overall recovery (n = 6)

		92

		

		7.2

		



		Lettuce / washings2

		0.01

		95, 99, 100, 100, 107

		100

		

		4.3

		0.01



		

		0.5

		86, 88, 96

		90

		

		5.9

		



		

		

		Overall recovery (n = 8)

		96

		

		7.1

		



		Barley / straw3

		0.01

		95, 101, 102, 106, 107

		102

		

		4.7

		0.01



		

		0.1

		93, 94, 107

		98

		

		8.0

		



		

		

		Overall recovery (n = 8)

		101

		

		5.9

		



		Hops / green

cone4

		0.1

		68, 73, 79, 85, 96

		80

		

		13.6

		0.1



		

		1.0

		76, 77, 78, 84, 91

		81

		

		7.8

		



		

		

		Overall recovery (n = 10)

		81

		

		10.4

		



		Hops / kiln-dried cone4

		0.1

		89, 106, 107, 107, 108

		103

		

		7.8

		0.1



		

		1.0

		108, 109, 110, 112, 114

		111

		

		2.2

		



		

		

		Overall recovery (n = 10)

		107

		

		6.3

		



		Hops / beer4

		0.01

		92, 94, 102, 111, 115

		103

		

		9.9

		0.01



		

		0.1

		102, 107, 112

		107

		

		4.7

		



		

		

		Overall recovery (n = 8)

		104

		

		8.0

		



		Hops / brewers yeast4

		0.1

		97, 107, 107, 110, 113

		106

		

		5.2

		0.1



		

		1.0

		85, 99, 109

		98

		

		12.3

		



		

		

		Overall recovery (n = 8)

		103

		

		8.6

		



		Hops / draff4

		0.1

		103, 105, 105, 105, 109

		105

		

		2.1

		0.1



		

		1.0

		100, 104, 107

		104

		

		3.4

		



		

		

		Overall recovery (n = 8)

		105

		

		2.5

		



		Sample 

material

		Spiking level

[mg/kg]

		Individual values

[%]

		Mean value [%]

		SD*
[%]

		RSD [%]

		LOQ [mg/kg]



		PRIMARY ION TRANSITION, MRM 162/94



		Sugar beet /

body5

		0.01

		91, 92, 93, 94, 96

		93

		

		2.1

		0.01



		

		0.50

		95, 101, 110

		102

		

		7.4

		



		

		

		Overall recovery (n = 8)

		97

		

		6.5

		



		Sugar beet / leaf with root collar5

		0.01

		83, 89, 94

		89

		

		6.2

		0.01



		

		0.5

		91, 108, 111

		103

		

		10.4

		



		

		

		Overall recovery (n = 6)

		96

		

		11.6

		



		CONFIRMATORY ION TRANSITION, MRM 162/98



		Bean / dried

bean

		0.01

		78, 74, 100, 74, 79

		81

		10.5

		13.4

		0.01



		

		0.013

		119, 107, 88, 93, 104, 96

		101

		11.1

		11.1

		



		

		1.3

		101, 97, 109, 108, 92

		101

		7.3

		7.1

		



		

		

		Overall recovery (n = 16)

		95

		

		14.2

		



		Wheat / forage

		0.01

		116, 90, 103, 92, 101

		100

		10.6

		10.3

		0.01



		

		0.013

		86, 95, 82, 87, 92

		88

		5.1

		5.8

		



		

		1.3

		89, 92, 92, 90, 110

		94

		8.7

		9.2

		



		

		

		Overall recovery (n = 15)

		94

		

		9.8

		



		Orange / fruit

		0.01

		98, 105, 88, 98, 106

		99

		7.2

		7.3

		0.01



		

		0.013

		94, 83, 90, 92, 91

		90

		4.4

		4.6

		



		

		1.3

		91, 99, 98, 97, 94

		96

		3.1

		3.4

		



		

		

		Overall recovery (n = 15)

		95

		

		6.5

		



		Soybean / seed

		0.01

		89, 87, 78, 75, 75

		81

		6.7

		8.3

		0.01



		

		0.013

		92, 97, 89, 96, 94

		94

		3.5

		3.4

		



		

		1.3

		90, 93, 87, 86, 91

		89

		3.0

		3.2

		



		

		

		Overall recovery (n = 15)

		88

		

		7.9

		



		Tomato / fruit

		0.01

		97, 104, 74, 114, 94

		96

		14.9

		15.3

		0.01



		

		0.013

		98, 100, 91, 106, 78

		95

		10.5

		11.3

		



		

		0.13

		103, 104, 104, 108, 92

		102

		6.0

		5.9

		



		

		1.3

		90, 91, 89, 95, 93

		92

		2.0

		2.6

		



		

		

		Overall recovery (n = 20)

		96

		

		10.1

		



		Wheat /grain

		0.01

		101, 86, 95, 93, 84

		92

		7.1

		7.5

		0.01



		

		0.013

		116, 80, 106, 84, 80

		93

		16.8

		17.9

		



		

		1.3

		93, 107, 107, 114, 90

		102

		10.3

		10.0

		



		

		

		Overall recovery (n = 15)

		96

		

		12.6

		





	spiked compound DFEAF determined as DFEAF expressed as BYI  02960

*	as shown in report RARVP013

Footnotes:	
1:	this crop/matrix was validated as part of study 10-2213 (KIIA 6.3.1/04)

2:	this crop/matrix was validated as part of study 10-3223 (KIIA 6.5.4/01)

3:	this crop/matrix was validated as part of study 10-2237 (to be submitted later; data available on request)

4:	this crop/matrix was validated as part of studies 10-2225 (KIIA 6.3.2/01) / 10-3407 (KIIA 6.5.4/02)






	Table B.5.2.1-7:  Recovery results for DFA from method validation of RV-001-P10-02.

		Sample material

		Spiking level [mg/kg]

		Individual values

[%]

		Mean value [%]

		SD*
[%]

		RSD [%]

		LOQ [mg/kg]



		PRIMARY METHOD, HILIC COLUMN, MRM 95/51



		Bean / dried

Bean

		0.05

		73, 73, 73, 76, 80, 73

		75

		2.9

		3.9

		0.05



		

		1.0

		88, 91, 117, 184**, 91

		97

		13.6**

		12.6**

		



		

		

		Overall recovery (n = 10)

		84

		

		16.8

		



		Wheat / forage

		0.05

		92, 90, 85, 92, 87

		89

		3.2

		3.5

		0.05



		

		1.0

		96, 100, 99, 97, 103

		99

		2.6

		2.8

		



		

		

		Overall recovery (n = 10)

		94

		

		6.2

		



		Orange / fruit

		0.02

		101, 111, 96, 108, 101

		104

		6.4

		5.8

		0.02



		

		0.05

		94, 100, 90, 97, 87

		93

		5.2

		5.6

		



		

		1.0

		99, 101, 100, 100, 101

		100

		1.0

		0.8

		



		

		

		Overall recovery (n = 15)

		99

		

		6.1

		



		Soybean / seed

		0.05

		79, 77, 76, 76, 71

		76

		2.8

		3.9

		0.05



		

		1.0

		78, 73, 75, 76, 77

		76

		2.1

		2.5

		



		

		

		Overall recovery (n = 10)

		76

		

		3.1

		



		Tomato / fruit

		0.02

		98, 100, 108, 107, 97

		102

		4.9

		5.0

		0.02



		

		0.05

		91, 87, 87, 103, 81

		90

		8.2

		9.1

		



		

		0.1

		90, 99, 103, 99, 96

		97

		4.8

		5.0

		



		

		1.0

		95, 93, 91, 99, 96

		95

		3.0

		3.2

		



		

		

		Overall recovery (n = 20)

		96

		

		7.1

		



		Wheat /grain

		0.05

		86, 86, 89, 87, 96

		89

		4.4

		4.7

		0.05



		

		1.0

		94, 92, 90, 91, 85

		90

		3.2

		3.7

		



		

		

		Overall recovery (n = 10)

		90

		

		4.1

		



		Lettuce / head1

		0.05

		90, 94, 98

		94

		

		4.3

		(0.02)



		

		0.5

		90, 91, 92

		91

		

		1.1

		



		

		

		Overall recovery (n = 6)

		93

		

		3.3

		



		
Lettuce / head2

		0.02

		90, 93, 94, 95, 97, 112, 112, 116, 86, 89, 93, 95

		98

		

		10.2

		0.02



		

		

		Overall recovery (n = 12)

		98

		

		10.2

		



		Lettuce / washings3

		0.02

		95, 96, 97, 97, 103

		98

		

		3.2

		0.02



		

		0.5

		91, 94, 97

		94

		

		3.2

		



		

		

		Overall recovery (n = 8)

		96

		

		3.5

		



		Barley / straw4

		0.05

		103, 104, 106, 107, 110

		106

		

		2.6

		0.05



		

		0.50

		98, 101, 101

		100

		

		1.7

		



		

		

		Overall recovery (n = 8)

		104

		

		3.7

		



		Hops / green

cone5

		0.2

		91, 92, 95, 99, 100

		95

		

		4.2

		0.2



		

		1.0

		76, 79, 83, 84, 94

		83

		

		8.2

		



		

		

		Overall recovery (n = 10)

		89

		

		9.3

		







		Sample material

		Spiking level [mg/kg]

		Individual values

[%]

		Mean value [%]

		SD*
[%]

		RSD [%]

		LOQ [mg/kg]



		PRIMARY METHOD (cont'd)



		
Hops / kiln-dried cone5

		0.2

		96, 97, 103, 103, 106

		101

		

		4.3

		0.2



		

		1.0

		101, 105, 106, 107, 110

		106

		

		3.1

		



		

		

		Overall recovery (n = 10)

		103

		

		4.3

		



		Hops / beer5

		0.02

		93, 100, 110, 110, 113

		105

		

		8.0

		0.02



		

		0.2

		108, 108, 110

		109

		

		1.1

		



		

		

		Overall recovery (n = 8)

		107

		

		6.2

		



		Hops / brewers yeast5

		0.2

		99, 107, 109, 115, 116

		109

		

		6.3

		0.2



		

		1.0

		76, 90, 101

		89

		

		14.1

		



		

		

		Overall recovery (n = 8)

		102

		

		13.2

		



		Hops / draff5

		0.2

		98, 99, 108, 109, 111

		105

		

		5.8

		0.2



		

		1.0

		97, 101, 102

		100

		

		2.6

		



		

		

		Overall recovery (n = 8)

		103

		

		5.3

		



		Sugar beet /

body6

		0.02

		89, 90, 92, 93, 97

		92

		

		3.4

		0.02



		

		0.5

		76, 82, 82

		80

		

		4.3

		



		

		

		Overall recovery (n = 8)

		88

		

		8.0

		



		Sugar beet / leaf with root collar6

		0.05

		93, 94, 95

		94

		

		1.1

		0.05



		

		0.5

		83, 88, 92

		88

		

		5.1

		



		

		

		Overall recovery (n = 6)

		91

		

		5.0

		



		CONFIRMATORY METHOD, RESTEK ALLURE ORGANIC ACIDS COLUMN



		Bean / dried

bean

		0.05

		74, 80, 77, 74, 80

		77

		3.1

		3.9

		0.05



		

		1.0

		79, 77, 80, 84, 75

		79

		3.7

		4.3

		



		

		

		Overall recovery (n = 10)

		78

		

		4.1

		



		Wheat / forage

		0.05

		107, 100, 102, 98, 102

		102

		3.2

		3.3

		0.05



		

		1.0

		106, 106, 105, 101, 105

		105

		2.0

		2.0

		



		

		

		Overall recovery (n = 10)

		103

		

		2.9

		



		Orange / fruit

		0.02

		92, 119, 98, 103, 94

		101

		10.9

		10.7

		0.02



		

		1.0

		105, 101, 101, 100, 100

		101

		1.9

		2.0

		



		

		

		Overall recovery (n = 10)

		101

		

		7.2

		



		Soybean / seed

		0.05

		83, 78, 95, 83, 84

		84

		6.5

		7.4

		0.05



		

		1.0

		85, 88, 81, 80, 88

		84

		3.6

		4.5

		



		

		

		Overall recovery (n = 10)

		85

		

		5.8

		



		Tomato / fruit

		0.02

		102, 96, 100, 98, 118

		103

		8.6

		8.5

		0.02



		

		1.0

		113, 112, 111, 110, 111

		111

		0.9

		1.0

		



		

		

		Overall recovery (n = 10)

		107

		

		7.0

		



		Wheat / grain

		0.05

		91, 96, 78, 84, 89

		87

		6.7

		7.9

		0.05



		

		1.0

		90, 97, 85, 95, 88

		91

		4.9

		5.4

		



		

		

		Overall recovery (n = 10)

		89

		

		6.6

		





spiked compound DFA determined as DFA expressed as BYI  02960

*	as shown in report RARVP013

** 	The sample was contaminated with DFA, is an outlier and is excluded.  If the outlier is included, the average recovery is 114%, the SD is 40.8%, the RSD 35.7%, and the overall mean is 93%. 

 

Footnotes:
1:	this crop/matrix was validated as part of study 10-2213 (KIIA 6.3.1/03)

2:	recoveries from studies 10-2212, 10-2213, 10-2223, 10-2503 (KIIA 6.3.1/05, /03, /01; and KIIA 6.6.3/01)

3:	this crop/matrix was validated as part of study 10-3223 (KIIA 6.5.4/01)

4:	this crop/matrix was validated as part of study 10-2237 (to be submitted later; data available on request)

5:	this crop/matrix was validated as part of studies 10-2225 (KIIA 6.3.2/01) / 10-3407 (KIIA 6.5.4/02) 

6:	  this crop/matrix was validated as part of study 10-2240 (to be submitted later; data available on request)




Extraction Efficiency:

The extraction procedures used for this method are the same as the extraction procedures used in the plant metabolism studies (except that formic acid (2.2 mL/L) was added to the extraction solution). Extraction efficiency of this method was demonstrated by using aged radioactive residues of samples from plant metabolism and confined rotational crop studies of tomato fruit, cotton seed, potato tuber, and wheat straw (Justus, 2011; KIIA 4.3/06) and analysis using method RV-001-P10-02 (Li, 2010; KIIA 4.3/03). The contribution of the metabolite DFA to the extraction efficiency was determined based on tomato fruit samples originating from the metabolism study with the [ethyl-1-14C]-label – the only plant metabolism study conducted with this label – which metabolises to 14C-DFA.  The components of the TTR are the parent compound, DFA, and DFEAF. The residue profiles obtained were compared with those obtained for the same samples in the plant metabolism and confined rotational crop studies. The levels of the parent and metabolites obtained using the residue method were 101%, 160%, 104%, and 88% in  tomato, cotton, potato, and wheat matrices, respectively to  those found in the metabolism study, which indicates that the residue method (RV-001-P10-02/03)  provide acceptable extraction efficiency.  The petitioner stated that the high value of 160% for cotton seeds may be due to losses of radioactivity observed during extraction and purification steps in the cotton metabolism study, but this was not observed in the extraction efficiency study.



Conclusion:

The LC-MS/MS Method RV-001-P10-02/03 (or EU method 01304) is adequate as an enforcement method/data collection method for determining residues of BYI 02960, DFEAF, and DFA in/on  plant matrices, with a validated LOQ of 0.01 mg/kg for BYI 02960 and DFEAF and 0.02 mg/kg (wet matrices) and 0.05 mg/kg (dry matrices) for DFA.  For all three analytes, the mean recoveries were within the generally recognized acceptable range of 70–110%.  The relative standard deviations were <20% for all matrices, with the exceptions of BYI 02960 (orange fruit) and wheat grain. 

[bookmark: _Toc92863742][bookmark: _Toc92863922][bookmark: _Toc92864033][bookmark: _Toc92864151] 

Table B.5.2.1-8:  Recovery Results of Extraction Efficiency Testing of Methods RV-001-P10-02 and RV­001­P10-03.

		Crop and matrix

		Values determined in/with



		

		Metabolism studies

		Method 01304



		

		TRR*


[mg/kg]

		Components of TTR**

[mg/kg]

		TTR/TRR


[%]

		TRR*


[mg/kg]

		Components of TTR**

[mg/kg]

		TTR/TRR


[%]

		Extraction Efficiency†

[%]



		Tomato fruit1

		0.201

		0.198

		98.8

		0.191

		0.190

		99.5

		100.7



		Cotton seed2

		0.068

		0.016

		23.4

		0.068

		0.026

		37.5

		160.2



		Potato tuber3

		0.171

		0.102

		59.8

		0.191

		0.119

		62.2

		104.0



		Wheat grain4

		6.290

		2.833

		45.1

		6.139

		2.448

		39.9

		88.4





* 	TRR = total radioactive residues 
** 	TTR = total toxic residue, i.e. the total residue of BYI 02960, comprising parent compound, DFA, and DFEAF
†	Extr. efficiency = ratio of (TTR extracted with method RV-001-P10-02) ÷ (TTR extracted in metabolism study)
Footnotes:
1: 	metabolism study reported under no. MEF-11/498 (KIIA 6.2.1/03)
2: 	metabolism study reported under no. MEF-11/393 (KIIA 6.2.1/09)
3: 	metabolism study reported under no. MEF-10/769 (KIIA 6.2.1/04)
4: 	metabolism study reported under no. MEF-11/365 (KIIA 6.6.2/01)


Independent laboratory validation of method RV-001-P10-02



		
Report:

		KIIA 4.3/07, Shiertoff R.; 2012



		Title:

		Independent Laboratory Validation – Bayer Method RV-001-P10-02 for BYI 02960, 6-Chloronicotinic Acid, Difluoroacetic Acid, and Difluoroethyl-amino-furanone in Plant Matrices Using LC-MS/MS



		Report No. &

Edition No.

		RARVP045
M-432661-01-2



		Guidelines:

		US EPA OPPTS 860.1340 

PMRA DACO 7.2.3, Inter-Laboratory Methodology Validation 



		GLP:

		Yes (certified laboratory)







An independent laboratory validation (RARVP045, KII 4.3/07) was successfully performed with method RV-001-P10-02 according to the US and Canadian specifications, but using 5 replicates per spiking level rather than the required 2 in order to satisfy EU and OECD requirements.  



The report describes the ILV of Method RV-001-P10-02 for the determination of residues of BYI 02960, DFEAF, and DFA on tomato, orange, lentil, and soybean. It was carried out by an external laboratory (ABC Laboratories, INC.). The method was successfully validated on the first attempt with minor modifications, but the samples were re-injected due to instrument calibration.



The method was validated with BYI 02960 and DFEAF at 0.01 mg/kg (LOQ) and 1 mg/kg (100 x LOQ) and at 0.02 (LOQ) or 0.05 mg/kg and 1 mg/kg (50 x LOQ) for DFA.  Individual and average percent recoveries for all analytes in all matrices were within the generally recognized acceptable range of 70–120% (except two individual recoveries). The relative standard deviations were ≤ 20%.  The results from the ILV are summarised in Table B.5.2.1–8.



Confirmatory ions for BYI 02960 and DFA were monitored using separate injection methods, listed in the method as option 2 and option 3 respectively.  It is believed that citric acid caused signal suppression at the LOQ in orange samples for BYI 02960.  Data for orange samples at the LOQ were taken from the option 2 injection method.  



Conclusion:

Method RV-001-P10-02 for the determination of residues of BYI 02960, DFEAF, and DFA was successfully validated by an independent laboratory on tomatoes, oranges, lentils, and soybean.

The method is suitable for use as an enforcement method (NAFTA) for plant commodities.  











Table B.5.2.1-9:  Recovery results for BYI 02960 and its metabolites obtained by an independent laboratory validation of the enforcement Method RV-001-p10-02.

		Matrix

		Analyte

		Spiking level (mg/kg)

		Sample size

(n)

		Recoveries

(%)

		Mean %

± std. dev.

		RSD

(%)



		Tomato

		BYI 02960

		0.01

		5

		100, 90, 77, 95, 67

		86 ± 13.3

		15.5



		

		BYI 02960

		1.00

		5

		83, 90, 87, 87, 86

		87 ± 2.80

		3.23



		

		BYI 02960

		Overall

		10

		---

		86 ± 9.08

		10.5



		

		DFEAF

		0.01

		5

		105, 80, 80, 87, 89

		88 ± 10.1

		11.5



		

		DFEAF

		1.00

		5

		83, 96, 89, 93, 91

		90 ± 4.75

		5.28



		

		DFEAF

		Overall

		10

		---

		89 ± 7.53

		8.44



		

		DFA

		0.02

		5

		93, 88, 88, 86, 93

		90 ± 3.37

		3.76



		

		DFA

		1.00

		5

		92, 97, 95, 94, 99

		95 ± 2.58

		2.70



		

		DFA

		Overall

		10

		---

		92 ± 4.14

		4.48



		Orange

		BYI 02960

		0.01

		10

		106, 78, 101, 92, 91, 99, 78, 103, 77, 89

		91 ± 10.8

		11.9



		

		BYI 02960

		1.00

		5

		99, 83, 94, 99, 87

		92 ± 7.29

		7.89



		

		BYI 02960

		Overall

		10

		---

		86 ± 9.54

		10.4



		

		DFEAF

		0.01

		5

		86, 94, 107, 96, 106

		98 ± 8.61

		8.80



		

		DFEAF

		1.00

		5

		90, 90, 97, 94, 88

		92 ± 3.74

		4.07



		

		DFEAF

		Overall

		10

		---

		95 ± 7.01

		7.39



		

		DFA

		0.02

		5

		102, 84, 99, 86, 96

		93 ± 7.81

		8.37



		

		DFA

		1.00

		5

		93, 98, 99, 99, 95

		97 ± 2.73

		2.82



		

		DFA

		Overall

		10

		---

		95 ± 5.80

		6.10








		Matrix

		Analyte

		Spiking level (mg/kg)

		Sample size

(n)

		Recoveries

(%)

		Mean %

± std. dev.

		RSD

(%)



		Lentil

		BYI 02960

		0.01

		5

		83, 86, 90, 70, 73

		80 ± 8.72

		10.9



		

		BYI 02960

		1.00

		5

		92, 98, 90, 87, 89

		91 ± 3.97

		4.34



		

		BYI 02960

		Overall

		10

		---

		86 ± 8.71

		10.2



		

		DFEAF

		0.01

		5

		91, 98, 97, 101, 101

		98 ± 4.21

		4.32



		

		DFEAF

		1.00

		5

		98, 104, 84, 102, 91

		96 ± 8.12

		8.47



		

		DFEAF

		Overall

		10

		---

		97 ± 6.16

		6.37



		

		DFA

		0.05

		5

		83, 90, 86, 89, 90

		88 ± 3.13

		3.57



		

		DFA

		1.00

		5

		81, 78, 75, 81, 80

		79 ± 2.61

		3.30



		

		DFA

		Overall

		10

		---

		83 ± 5.17

		6.20



		Soybean

		BYI 02960

		0.01

		10

		91, 86, 91, 72, 100

		88 ± 10.0

		11.4



		

		BYI 02960

		1.00

		5

		86, 90, 101, 99, 95

		94 ± 6.54

		6.93



		

		BYI 02960

		Overall

		10

		---

		91 ± 8.66

		9.50



		

		DFEAF

		0.01

		5

		87, 103, 132, 92, 96

		102 ± 17.6

		17.3



		

		DFEAF

		1.00

		5

		93, 94, 94, 89, 95

		93 ± 2.42

		2.60



		

		DFEAF

		Overall

		10

		---

		97 ± 12.7

		13.1



		

		DFA

		0.05

		5

		86, 90, 95, 87, 86

		89 ± 3.90

		4.39



		

		DFA

		1.00

		5

		77, 78, 79, 76, 76

		77 ± 1.01

		1.31



		

		DFA

		Overall

		10

		---

		83 ± 6.71

		8.08











		Report:

		KIIA 4.3/08, Rosati, D.; 2012



		Title:

		[bookmark: OLE_LINK3]Analytical method No. 01212 for the determination of residues of BYI 02960 and its metabolites BCS-AA56716 (DFA), AE F161089 (6-CNA) and BCS-CC98193 (furanone) in/on plant materials by HPLC-MS/MS.
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Data Collection Methods

Residue analytical method 01212 (Rosati, 2012; KIIA 4.3/10) was developed as a data collection method in the EU for the determination of the residues of BYI 02960 and its metabolites DFA, DFEAF, and 6-CNA in/on plants.   

 

Principle of the method:

Residues of BYI 02960 and its metabolites were extracted twice from the sample matrices using acetonitrile/water (4:1; v/v) with 2.2 mL/L formic acid.    Aliquots of the extracts are purified over a cationic resin (AG-50W-X8), then amended with a mixture of stable, isotopically labelled internal standards and analyzed by HPLC-MS/MS. 



Limits of quantification (LOQ) and detection (LOD):

The LOQ for BYI 02960 and DFEAF is 0.01 mg/kg and 0.02 mg/kg for DFA in all matrices tested based on the lowest spiking level.  



Specificity:

Apparent residues in control samples were below 30% of the LOQ, with the exception of DFA on tomatoes (32%). The LOQ recoveries were corrected for residues found in control samples.

 

Linearity:

Good linearity was observed in the range of 0.05-50 µg/L for BYI 02960 and DFEAF and from 0.15-0.50 µg/L for DFA, in solvent and in matrix and with/without ISTD with coefficients of determination (r2) of > 0.990.  



Repeatability:

The repeatability of the method was shown by the RSD values, which were < 20 % for each matrix and spiking level as shown in Tables B.5.2.1-9 -11.



Confirmatory method:

LC-MS/MS was used to monitor one MS/MS ion transitions for each analyte for quantitation as follows:

BYI 02960 m/z 289/126 (quantitation) 

DFA at m/z 95/51 (quantitation)

DFEAF at m/z 164/96 (quantitation)




Validation:

The accuracy of the method was verified by analyzing samples of bean (dry seed), barley (grain), grape (bunch), tomato (fruit), and rape (seed) representing a wide variety of crops.  Samples were spiked with each analyte (BYI 02960 and DFEAF) at the LOQ (0.01 mg/kg) and 10-fold LOQ (0.10 mg/kg) and DFA at 0.02 and 0.20 mg/kg for each matrix.  

In addition to the matrices included in the report 01212, for further crops of relevance in the EU, additional materials were tested as required within the residue studies themselves.  In studies 11-2070 and 11-2958 (cf. KIIA 6.3.1/06 and KIIA 10.3.3/02), limited validation sets were prepared for the matrices lettuce head and barley green material, respectively.    

Although some of the %recoveries are outside the laboratory repeatability criteria for analysis of pesticide residues, the relative standard deviation (<20%) were adequate relative to the respective concentration level tested.The detailed results are shown in Tables B.5.2.1-10-11.



Reproducibility (ILV):

As this method is proposed for use as a data collection method, no independent validation is required.



Extraction Efficiency:

The extraction procedure of the method is the same as the extraction procedures in the plant metabolism studies (except that formic acid (2.2 mL/L) was added to the extraction solution).  An extraction efficiency study was conducted using method RV-001-P10-02 which has similar extraction procedures as method 01212. 



Conclusion:

Method 01212, which is similar to Method RV-001-P10-02 is adequate as a data collection method for determining residues of BYI 02960, DFEAF, and DFA in/on a variety of representative plant matrices, with a validated LOQ of 0.01 mg/kg for BYI 02960 and DFEAF and 0.02 mg/kg for DFA. Although some of the %recoveries  are outside the laboratory repeatability criteria for analysis of pesticide residues, the relative standard deviation (<20%) were adequate relative to the respective concentration level tested.



 




Table B.5.2.1-10:  Recovery results for BYI 02960 from method validation of method 01212.

		Sample material

		Spiking level* [mg/kg]

		Individual values 
[%]

		Mean value [%]

		RSD [%]

		LOQ [mg/kg]



		Tomato / fruit

		0.01

		94	105	95	102	125

		104

		12.0

		0.01



		

		0.10

		118	113	99	102	111

		109

		7.3

		



		

		

		Overall recovery (n = 10)

		106

		9.5

		



		Grape / bunch of grapes

		0.01

		107	105	98	97	97

		101

		4.8

		0.01



		

		0.10

		110	101	107	113	100

		106

		5.3

		



		

		

		Overall recovery (n = 5)

		104

		5.5

		



		Kidney bean /

dry seed

		0.01

		104	117	110	96	98

		105

		8.2

		0.01



		

		0.10

		110	114	118	95	114

		110

		8.1

		



		

		

		Overall recovery (n = 10)

		108

		8.1

		



		Barley / grain

		0.01

		94	85	109	96	121

		101

		13.9

		0.01



		

		0.10

		95	104	95	98	99

		98

		3.8

		



		

		

		Overall recovery (n = 10)

		100

		9.9

		



		Barley / green

material1

		0.01

		87	109	127

		108

		18.6

		0.01



		

		0.10

		96	105	113

		105

		8.1

		



		

		

		Overall recovery (n = 6)

		106

		13.1

		



		Summer rape /

seed

		0.01

		102	108	104	112	88

		103

		8.9

		0.01



		

		0.10

		107	97	98	97	104

		101

		4.6

		



		

		

		Overall recovery (n = 10)

		102

		6.8

		



		Lettuce / head2

		0.01

		91	98	105

		98

		7.1

		0.01



		

		0.10

		98	103	107

		103

		4.4

		



		

		

		Overall recovery (n = 6)

		100

		5.8

		





*	spiked compound BYI  02960 determined as BYI  02960	expressed as BYI  02960

Footnotes:
1: 	this crop matrix was validated as part of study 11-2958 (KIIA 10.3.3/02)

2: 	this crop matrix was validated as part of study 11-2070 (KIIA 6.3.1/06)


Table B.5.2.1-11: Recovery results for DFA from method validation of method 01212. 

		Sample material

		Spiking level* [mg/kg]

		Individual values 
[%]

		Mean value [%]

		RSD [%]

		LOQ [mg/kg]



		Tomato / fruit

		0.021

		98	127	93	119	116
	(130)	(159)	(125)	(151)	(148)

		111

		13.1

		0.02



		

		0.20

		109	103	104	107	106

		106

		2.3

		



		

		

		Overall recovery (n = 10)

		108

		9.3

		



		Grape / bunch of grapes

		0.02

		100	104	96	104	99

		101

		3.4

		0.02



		

		0.20

		104	99	97	102	101

		101

		2.7

		



		

		

		Overall recovery (n = 5)

		101

		2.9

		



		Kidney bean /

dry seed

		0.02

		88	83	103	96	88

		92

		8.6

		0.02



		

		0.20

		95	95	96	94	95

		95

		0.7

		



		

		

		Overall recovery (n = 10)

		93

		6.0

		



		Barley / grain

		0.02

		98	92	100	90	110

		98

		8.0

		0.02



		

		0.20

		76	90	85	82	89

		84

		6.7

		



		

		

		Overall recovery (n = 10)

		91

		10.6

		



		Barley / green

material2

		0.02

		113	118	120

		117

		3.1

		0.02



		

		0.20

		100	102	103

		102

		1.5

		



		

		

		Overall recovery (n = 6)

		109

		8.0

		



		Summer rape /
seed

		0.02

		68	70	71	84	77

		74

		8.8

		0.02



		

		0.20

		71	68	69	71	69

		70

		1.9

		



		

		

		Overall recovery (n = 10)

		72

		7.0

		



		Lettuce / head3

		0.02

		76	82	88

		82

		7.3

		0.02



		

		0.20

		90	91	101

		94

		6.5

		



		

		

		Overall recovery (n = 6)

		88

		9.7

		





*	spiked compound DFA determined as DFA expressed as BYI  02960

Footnotes:
1: 	values in ( ) are the uncorrected values (corrections done with mean control sample at 32% of the LOQ)

2: 	this crop matrix was validated as part of study 11-2958 (KIIA 10.3.3/02)

3: 	this crop matrix was validated as part of study 11-2070 (KIIA 6.3.1/06)


Table B.5.2.1-12:	  Recovery results for DFEAF from method validation of method 01212. 

		Sample material

		Spiking level* [mg/kg]

		Individual values 
[%]

		Mean value [%]

		RSD [%]

		LOQ [mg/kg]



		Tomato / fruit

		0.01

		109	120	119	111	97

		111

		8.3

		0.01



		

		0.10

		102	90	102	101	106

		100

		6.0

		



		

		

		Overall recovery (n = 10)

		106

		8.9

		



		Grape / bunch of grapes

		0.01

		113	98	98	97	99

		101

		6.7

		0.01



		

		0.10

		96	105	113	105	103

		104

		5.8

		



		

		

		Overall recovery (n = 5)

		103

		6.1

		



		Kidney bean /

dry seed

		0.01

		89	105	88	100	111

		99

		10.2

		0.01



		

		0.10

		110	116	122	94	110

		110

		9.4

		



		

		

		Overall recovery (n = 10)

		105

		11.0

		



		Barley / grain

		0.01

		104	109	106	116	133

		114

		10.4

		0.01



		

		0.10

		87	96	97	93	104

		95

		6.5

		



		

		

		Overall recovery (n = 10)

		105

		12.5

		



		Barley / green

material1

		0.01

		92	111	121

		108

		13.6

		0.01



		

		0.10

		101	106	118

		108

		8.1

		



		

		

		Overall recovery (n = 6)

		108

		10.0

		



		Summer rape /

seed

		0.01

		86	109	92	103	75

		93

		14.5

		0.01



		

		0.10

		109	112	99	108	103

		106

		4.9

		



		

		

		Overall recovery (n = 10)

		100

		11.9

		



		Lettuce / head2

		0.01

		92	97	102

		97

		5.2

		0.01



		

		0.10

		94	95	98

		96

		2.2

		



		

		

		Overall recovery (n = 6)

		96

		3.6

		





*	spiked compound DFEAF determined as DFEAF expressed as BYI  02960

Footnotes:
1: 	this crop matrix was validated as part of study 11-2958 (KIIA 10.3.3/02)

2: 	this crop matrix was validated as part of study 11-2070 (KIIA 6.3.1/06)



[bookmark: _Toc246154759][bookmark: _Toc357081546][bookmark: _Toc214690700]B.5.2.2	Analytical methods (residue) for foodstuff of animal origin



The residue definition for animal commodities proposed by the applicant includes BYI 02960 and DFA which were the major residues in all livestock commodities from the poultry and ruminant metabolism studies.






Enforcement method for animal matrices

		
Report:

		KIIA 4.3/10, Schulte, G., & Bauer, J.; 2012



		Title:

		Analytical method 01214 for the determination of residues of BYI 02960 and its metabolite difluoroacetic acid in/on animal matrices by HPLC-MS/MS - Enforcement method animal



		Report No. &

Edition No.

		Method no. 01214, report no.: MR-011/144

M-425837-01-1



		Guidelines:

		EU Council Directive 91/414/EEC amended by Commission Directive 96/68/EC EU Guidance document for residue analytical methods SANCO/825/00 rev. 7



		GLP:

		Yes (certified laboratory)







Principle of the EU Animal Enforcement Method 01214

Residue analytical method 01214 (Schulte & Bauer, 2012; KIIA 4.3/09) was developed as an EU enforcement method for the determination of the residues of BYI 02960 and its metabolite DFA in animal matrices.  



For each matrix, residues were extracted twice from 5 g samples with acetonitrile/water (4:1; v/v). For fat and milk samples, n-heptane is added. Following the addition of formic acid and dilution, an aliquot of the raw extract was filtered and analyzed by HPLC-MS/MS.



Limit of quantification (LOQ):

The validated LOQ for BYI 02960 and DFA are 0.01 mg/kg and 0.02 mg/kg, respectively in all matrices tested based on the lowest spiking level. The LOQ is expressed as parent equivalents.



Calibration:

Good linearity was observed in the range of 0.125–100 µg/L matrix matched standards with coefficients of determination (r2) of > 0.990.  



Specificity:

Apparent residues in control samples were below 30% of the LOQ.  



Repeatability:

The repeatability of the method is defined as the dispersion of the validation results and is expressed as the RSD. RSDs less than 20% were obtained for spiking levels made at the quantification limit for each matrix as well as at a higher level (10-fold LOQ). Therefore, the repeatability of this method is adequate for the purposes of residue data collection. The results are summarized below in Tables B.5.2.2-1 and B.5.2.2-2.



Confirmatory method:

LC-MS/MS represents a highly-specific method for both the quantitation and confirmation of residue identity by retention time matching in conjunction with monitoring multiple MS/MS ion transitions for each analyte as follows:

BYI 02960 (m/z 289/126 (quantitation) and m/z 289/90 (confirmation)

		DFA (m/z 126/90) (quantitation); alternative column (confirmation)

The confirmatory methods were fully validated; hence the quantitation and confirmation methods may be used interchangeably if desired.  



Validation:

The accuracy of the method was verified by performing analysis of samples spiked with each analyte (BYI02960 and DFA) at the LOQ for each matrix as well as at higher levels (primary and confirmatory analysis).  Variety of matrices was analyzed: bovine muscle, liver, kidney, and milk; and chicken fat and egg.  Although some of the %recoveries are outside the laboratory repeatability criteria for analysis of pesticide residues, the relative standard deviation (<20%) were adequate relative to the respective concentration level tested.   The detailed results are shown in Tables B.5.2.2-1 and B.5.2.2-2.



Reproducibility:

As this method is proposed for use as the enforcement (EU) monitoring method for flupyradifurone residues in animals, a successful ILV of Method 01214 is presented in the next section (StudyM-427160-01-1).



Extraction Efficiency:

Extraction efficiency of this method was not demonstrated due to the fact that the extraction procedures used for this method is the same as the extraction procedures used in the  livestock metabolism studies.  

Standard EU multi-residue methods, e.g. DFG S 19 or QuEChERS

The EU requires that a major multi-residue method, usually DFG S 19 and/or QuEChERS, be evaluated as to whether it can be used for monitoring purposes.  When considering the proposed enforcement residue definition for BYI 02960, consisting of the sum of two components – parent compound and the metabolite DFA – it is evident that the small, polar molecule DFA cannot be sufficiently extracted via any of the recommended extraction systems in the two multi-residue methods.  



Conclusion:

The LC-MS/MS Method 01214 is adequate and is suitable for enforcement of residues of BYI 02960 and DFA in animal commodities in the EU. The validated LOQ for each analyte in each matrix tested was 0.01 mg/kg and 0.02 mg/kg, respectively.  Although some of the %recoveries are outside the laboratory repeatability criteria for analysis of pesticide residues, the relative standard deviation (<20%) were adequate relative to the respective concentration level tested.




Table B.5.2.2-1:   Recovery results for BYI 02960 from the method validation of method 01214 (enforcement   method).

		Sample material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD [%]

		LOQ [mg/kg]



		PRIMARY TRANSITION (289/126)



		Bovine muscle

		0.01

		111	100	116	119	116

		1121

		6.7

		0.01



		

		0.10

		105	105	110	106	112

		108

		3.0

		



		

		

		Overall recovery (n = 10)

		110

		5.5

		



		Bovine liver

		0.01

		100	104	107	106	77

		99

		12.6

		0.01



		

		0.10

		99	100	101	100	96

		99

		1.9

		



		

		

		Overall recovery (n = 5)

		99

		8.5

		



		Bovine kidney

		0.01

		100	105	104	104	105

		104

		2.0

		0.01



		

		0.10

		83	95	99	102	93

		94

		7.7

		



		

		

		Overall recovery (n = 10)

		99

		7.1

		



		Chicken fat

		0.01

		101	106	113	110	106

		107

		4.2

		0.01



		

		0.10

		106	110	114	103	103

		107

		4.4

		



		

		

		Overall recovery (n = 10)

		107

		4.1

		



		Bovine milk

		0.01

		103	109	103	103	104

		104

		2.5

		0.01



		

		0.10

		102	106	93	109	104

		103

		5.9

		



		

		

		Overall recovery (n = 10)

		104

		4.3

		



		Chicken egg

		0.01

		97	96	97	97	99

		97

		1.1

		0.01



		

		0.10

		92	84	91	102	98

		93

		7.4

		



		

		

		Overall recovery (n = 10)

		95

		5.3

		



		CONFIRMATORY TRANSITION (289/90)



		Bovine muscle

		0.01

		112	98	119	114	115

		1121

		7.2

		0.01



		

		0.10

		106	105	106	105	112

		107

		2.8

		



		

		

		Overall recovery (n = 10)

		109

		5.7

		



		Bovine liver

		0.01

		105	101	108	106	76

		99

		13.3

		0.01



		

		0.10

		101	100	104	97	96

		100

		3.2

		



		

		

		Overall recovery (n = 5)

		99

		9.1

		



		Bovine kidney

		0.01

		104	104	105	106	104

		105

		0.9

		0.01



		

		0.10

		82	96	96	100	92

		93

		7.4

		



		

		

		Overall recovery (n = 10)

		99

		7.7

		



		Chicken fat

		0.01

		104	105	109	103	105

		105

		2.2

		0.01



		

		0.10

		108	109	111	102	103

		107

		3.7

		



		

		

		Overall recovery (n = 10)

		106

		2.9

		



		Bovine milk

		0.01

		102	106	109	103	99

		104

		3.7

		0.01



		

		0.10

		101	108	93	109	104

		103

		6.3

		



		

		

		Overall recovery (n = 10)

		103

		4.9

		



		Chicken egg

		0.01

		96	93	95	93	104

		96

		4.7

		0.01



		

		0.10

		93	87	92	102	100

		95

		6.5

		



		

		

		Overall recovery (n = 10)

		96

		5.4

		





*	spiked compound BYI  02960 determined as BYI  02960	expressed as BYI  02960

Footnotes:
1: 	accepted as RSD was < 20%






Table B.5.2.2-2:	Recovery results for DFA from the method validation of method 01214 (enforcement method). 

		Sample material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD [%]

		LOQ [mg/kg]



		PRIMARY METHOD (HILIC COLUMN)



		Bovine muscle

		0.02

		106	106	105	107	104

		106

		1.1

		0.02



		

		0.20

		97	101	100	98	105

		100

		3.1

		



		

		

		Overall recovery (n = 10)

		103

		3.5

		



		Bovine liver

		0.02

		97	99	105	102	72

		95

		13.9

		0.02



		

		0.20

		105	102	104	100	93

		101

		4.7

		



		

		

		Overall recovery (n = 5)

		98

		10.1

		



		Bovine kidney

		0.02

		107	103	106	108	106

		106

		1.8

		0.02



		

		0.20

		94	96	100	101	96

		97

		3.0

		



		

		

		Overall recovery (n = 10)

		102

		5.0

		



		Chicken fat

		0.02

		99	106	107	106	106

		105

		3.1

		0.02



		

		0.20

		103	104	111	101	103

		104

		3.7

		



		

		

		Overall recovery (n = 10)

		105

		3.2

		



		Bovine milk

		0.02

		110	108	107	101	109

		107

		3.3

		0.02



		

		0.20

		103	108	92	105	102

		102

		5.9

		



		

		

		Overall recovery (n = 10)

		105

		5.1

		



		Chicken egg

		0.02

		90	94	90	89	98

		92

		4.1

		0.02



		

		0.20

		90	81	84	94	99

		90

		8.1

		



		

		

		Overall recovery (n = 10)

		91

		6.2

		



		CONFIRMATORY METHOD (HYPERCARB COLUMN)



		Bovine muscle

		0.02

		109	105	107	107	112

		108

		2.1

		0.02



		

		0.20

		103	105	105	103	107

		105

		1.6

		



		

		

		Overall recovery (n = 10)

		106

		2.4

		



		Bovine liver

		0.02

		98	103	102	99	72

		95

		13.6

		0.02



		

		0.20

		92	90	94	91	88

		91

		2.5

		



		

		

		Overall recovery (n = 5)

		93

		9.6

		



		Bovine kidney

		0.02

		100	102	97	104	96

		100

		3.4

		0.02



		

		0.20

		88	90	960	102	96

		94

		5.9

		



		

		

		Overall recovery (n = 10)

		97

		5.3

		



		Chicken fat

		0.02

		105	105	109	107	106

		106

		1.6

		0.02



		

		0.20

		100	105	105	99	101

		102

		2.8

		



		

		

		Overall recovery (n = 10)

		104

		3.1

		



		Bovine milk

		0.02

		104	105	103	101	104

		103

		1.5

		0.02



		

		0.20

		103	104	93	103	103

		101

		4.5

		



		

		

		Overall recovery (n = 10)

		102

		3.4

		



		Chicken egg

		0.02

		100	101	102	98	100

		100

		1.5

		0.02



		

		0.20

		94	86	93	97	98

		94

		5.0

		



		

		

		Overall recovery (n = 10)

		97

		4.9

		





*	spiked compound DFA determined as DFA expressed as BYI  02960
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Independent laboratory validation for the Enforcement Method 



		
Report:

		KIIA 4.3/11, Konrad, S.; 2012



		Title:

		Independent lab validation of BCS method 01214 for the determination of residues of BYI 02960 and its metabolite difluoroacetic acid in/on animal matrices by HPLC-MS/MS



		Report No./Edition No.

		2011/0164/01
M-427160-01-1



		Guidelines:

		EU Regulation (EC) No. 1107/2009

EU Guidance Document for residue analytical methods SANCO/825/00 rev. 8.1

EU Guidance Document for residue analytical methods SANCO/3029/99

OECD Guidance Document on pesticide residue analytical methods ENV/JM/Mono (2007)

US EPA Residue Chemistry Test Guideline OPPTS 860.1340, residue analytical methods



		GLP:

		Yes (certified laboratory)







An independent laboratory validation was performed for method 01214 and reported in (Schulte & Bauer, 2012; KIIA 4.3/09).  Samples of variety of matrices were spiked with BYI 02960 at the LOQ of 0.01 and 0.10 mg/kg (10-x LOQ) and with DFA at 0.02 and 0.20 mg/kg.  The performing laboratory analyzed the samples according to the proposed enforcement Method 01214.  For all matrices and all spiking levels, the individual and mean recoveries were within the acceptable range of 70–110%, with the exception of chicken egg for BYI 02960 at 111%.  The RSDs were < 20%.  A summary of the independent laboratory validation results is presented in Tables B.5.2.2-3 and B.5.2.2-4.



Table B.5.2.2-3:	Recovery results for BYI 02960 from independent laboratory validation of method 01214.

		Sample material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD [%]

		LOQ [mg/kg]



		PRIMARY TRANSITION (289/126)



		Chicken egg

		0.01

		94	109	105	93	91

		98

		8.3

		0.01



		

		0.1

		90	84	84	88	87

		87

		3.1

		



		

		

		Overall recovery (n = 10)

		93

		9.1

		



		Bovine milk

		0.01

		99	100	100	101	98

		100

		1.0

		0.01



		

		0.1

		97	91	94	96	95

		95

		2.2

		



		

		

		Overall recovery (n = 10)

		97

		3.2

		



		Bovine kidney

		0.01

		92	94	94	93	93

		93

		0.8

		0.01



		

		0.1

		88	89	92	91	92

		90

		1.9

		



		

		

		Overall recovery (n = 10)

		92

		2.2

		



		Bovine fat

		0.01

		98	90	96	100	96

		96

		4.2

		0.01



		

		0.1

		93	89	90	95	97

		93

		3.6

		



		

		

		Overall recovery (n = 10)

		94

		4.2

		



		Bovine muscle

		0.01

		95	97	97	98	93

		96

		2.3

		0.01



		

		0.1

		90	96	94	96	95

		94

		2.5

		



		

		

		Overall recovery (n = 10)

		95

		2.4

		



		Bovine liver

		0.01

		97	98	98	98	100

		98

		0.9

		0.01



		

		0.1

		96	97	99	101	98

		98

		1.8

		



		

		

		Overall recovery (n = 10)

		98

		1.4

		








		CONFIRMATORY TRANSITION (289/90)



		Sample material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD [%]

		LOQ [mg/kg]



		Chicken egg

		0.01

		96	111	108	93	90

		99

		9.4

		0.01



		

		0.1

		92	89	89	89	91

		90

		1.7

		



		

		

		Overall recovery (n = 10)

		95

		8.4

		



		Bovine milk

		0.01

		101	97	101	102	96

		99

		2.8

		0.01



		

		0.1

		100	94	95	97	97

		97

		2.3

		



		

		

		Overall recovery (n = 10)

		98

		2.8

		



		Bovine kidney

		0.01

		93	94	95	96	98

		95

		2.2

		0.01



		

		0.1

		90	94	97	94	94

		94

		2.5

		



		

		

		Overall recovery (n = 10)

		94

		2.4

		



		Bovine fat

		0.01

		100	93	98	98	95

		97

		2.6

		



		

		0.1

		97	92	92	97	99

		95

		3.5

		0.01



		

		

		Overall recovery (n = 10)

		96

		3.0

		



		Bovine muscle

		0.01

		96	95	95	97	88

		94

		3.9

		



		

		0.1

		92	98	96	98	96

		96

		2.6

		0.01



		

		

		Overall recovery (n = 10)

		95

		3.3

		



		Bovine liver

		0.01

		100	101	95	98	97

		98

		2.5

		



		

		0.1

		96	99	98	102	101

		99

		2.6

		0.01



		

		

		Overall recovery (n = 10)

		99

		2.4

		





*	spiked compound BYI  02960 determined as BYI  02960 	expressed as BYI  02960



Table B.5.2.2-4:	Recovery results for DFA from independent laboratory validation of method 01214.

		Sample material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD [%]

		LOQ [mg/kg]



		PRIMARY METHOD (HILIC COLUMN)



		Chicken egg

		0.02

		105	96	103	92	95

		98

		5.7

		0.02



		

		0.2

		90	102	93	91	93

		94

		5.0

		



		

		

		Overall recovery (n = 10)

		96

		5.6

		



		Bovine milk

		0.02

		100	102	99	107	97

		101

		3.7

		0.02



		

		0.2

		97	96	94	98	96

		96

		1.6

		



		

		

		Overall recovery (n = 10)

		99

		3.8

		



		Bovine kidney

		0.02

		93	102	98	106	102

		100

		4.9

		0.02



		

		0.2

		89	94	93	92	92

		92

		2.2

		



		

		

		Overall recovery (n = 10)

		96

		5.8

		



		Bovine fat

		0.02

		100	100	90	100	95

		97

		4.4

		



		

		0.2

		91	86	96	92	90

		91

		4.1

		0.02



		

		

		Overall recovery (n = 10)

		94

		5.2

		



		Bovine muscle

		0.02

		95	98	100	100	99

		98

		2.1

		



		

		0.2

		83	91	88	86	87

		87

		3.4

		0.02



		

		

		Overall recovery (n = 10)

		93

		6.8

		



		Bovine liver

		0.02

		89	79	88	83	105

		89

		11.1

		



		

		0.2

		101	94	96	99	96

		97

		2.8

		0.02



		

		

		Overall recovery (n = 10)

		98

		8.7

		








		CONFIRMATORY METHOD (HYPERCARB COLUMN)



		Sample material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD [%]

		LOQ [mg/kg]



		Chicken egg

		0.02

		80	80	83	78	78

		80

		2.3

		0.02



		

		0.2

		81	96	82	84	82

		85

		7.2

		



		

		

		Overall recovery (n = 10)

		82

		6.2

		



		Bovine milk

		0.02

		76	79	77	85	75

		78

		5.0

		0.02



		

		0.2

		85	83	83	85	86

		84

		1.6

		



		

		

		Overall recovery (n = 10)

		81

		5.2

		



		Bovine kidney

		0.02

		71	72	72	79	75

		74

		4.4

		0.02



		

		0.2

		76	78	78	78	76

		77

		1.4

		



		

		

		Overall recovery (n = 10)

		76

		3.9

		



		Bovine fat

		0.02

		73	74	75	75	76

		75

		1.5

		



		

		0.2

		87	88	94	91	85

		89

		3.6

		0.02



		

		

		Overall recovery (n = 10)

		82

		9.7

		



		Bovine muscle

		0.02

		73	72	74	72	73

		73

		1.3

		



		

		0.2

		79	83	84	88	85

		84

		3.8

		0.02



		

		

		Overall recovery (n = 10)

		78

		8.0

		



		Bovine liver

		0.02

		78	72	73	77	96

		79

		12.3

		



		

		0.2

		89	86	92	92	90

		90

		2.8

		0.02



		

		

		Overall recovery (n = 10)

		84

		10.3

		





*	spiked compound DFA determined as DFA expressed as BYI  02960



Data generation methods for animal matrices



Enforcement method suitable for the NAFTA region



		
Report:

		KIIA 4.3/12, Li, Y., Moore, S.; 2011



		Title:

		An Analytical Method for the Determination of Residues of BYI 02960 and its Metabolites BYI 02960-hydroxy, BYI 02960-acetyl-AMCP, and Difluoroacetic Acid in Animal Matrices and Biota Using LC-MS/MS



		Report No. &

Edition No.

		RV-004-A11-05

M-429871-01-1



		Guidelines:

		OPPTS 860.1340 – Residue Analytical Method

OECD Guideline 505

APVMA Residue Guideline No. 23

DACO 7.5  – Meat/milk/poultry/eggs

DACO 8.2.2.4  – Biota Method



		GLP:

		Yes (certified laboratory)







		
Report:

		KIIA 4.3/13, Moore, S.M., & Harbin, A.M.; 2012



		Title:

		BYI 02960 – Magnitude of the residue in dairy cows



		Report No. &

Edition No.

		RARVP050 (includes BCS US method no. RV-004-A11-04)

M-428416-02-1



		Guidelines:

		OPPTS 860.1480 – Meat/milk/poultry/eggs

OECD Guideline 505

APVMA Residue Guideline No. 23

DACO 7.5  – Meat/milk/poultry/eggs



		GLP:

		Yes (certified laboratory)










		
Report:

		KIIA 4.3/14, Wade, J.M., & Netzband, D.J.; 2012



		Title:

		BYI 02960 – Magnitude of the residue in laying hens



		Report No. &

Edition No.

		RARVP0041 (includes BCS US method no. RV-004-A11-04)

M-428933-02-1



		Guidelines:

		OPPTS 860.1480 – Meat/milk/poultry/eggs

OECD Guideline 505

APVMA Residue Guideline No. 23

DACO 7.5  – Meat/milk/poultry/eggs

OPPTS 860.1340 – Residue Analytical Method



		GLP:

		Yes (certified laboratory)







Principle of the method:

The residue analytical method, RV-004-A11-05 (KIIA 4.3/12), is the latest revision of the data collection method for the determination of the residues of BYI 02960 and its metabolites BYI 02960-acetyl-AMCP, BYI 02960-OH, and DFA in/on animal matrices and is being proposed as the enforcement method in the US and Canada for residues in meat, milk, poultry and eggs as well as biota in Canada.  The method validation (based upon the earlier version RV-004-A11-04) is reported in feeding study reports RARVP050 (cattle; Moore & Harbin, 2012; KIIA 4.3/13) and RARVP041 (poultry; Wade & Netzband, 2012; KIIA 4.3/14).  



For each matrix, the residues were extracted twice from 2 g samples by diluting liquid matrices (milk, whey, cream, urine) or blending tissue matrices with acetonitrile/water (4:1; v/v) with 2.2 mL/L formic acid. Aliquots of the extracts were purified through a C-18 solid-phase extraction column, and then amended with a mixture of stable, isotopically labelled internal standards.  The final solution was analyzed by HPLC-MS/MS.  



Limit of quantification (LOQ):

The validated LOQ for BYI 02960, BYI 02960-acetyl-AMCP, BYI 02960-OH, and DFA is 0.01 mg/kg in all matrices, except for DFA in cattle matrices where the LOQ is 0.02 mg/kg and 0.05 mg/kg for whey. 



Calibration:

Good linearity was observed in the range of 0.5-250 µg/L with coefficients of determination (r2) of > 0.990.    



Specificity:

Apparent residues in control samples were generally below 30% of the LOQ, except in a few isolated cases.  Recovery determinations conducted with the affected control samples were corrected for the interference.   



Repeatability:

The repeatability of the method is defined as the dispersion of the validation results and is expressed as the RSD.  RSDs were less than 20% for spiking levels made at the LOQ for each matrix as well as at higher levels. Therefore, the repeatability of this method is adequate for the purposes of residue data collection. The results are summarized below in Table B.5.2.2-5 and Table B.5.2.2-6.



Confirmatory method:

LC-MS/MS was used to monitor multiple MS/MS ion transitions for each analyte for quantitation and confirmation as follows:

BYI 02960 m/z 289/126 (quantitation) and m/z 289/90 (confirmation)

DFA at m/z 95/51 (quantitation) and an alternate column (confirmation)

BYI 02960-OH m/z 305/126 (quantitation) and m/z 305/90 (confirmation)

BYI 02960-acetyl-AMCP- m/z 185/107 (quantitation) and m/z 185/126 (confirmation)



Validation:

The accuracy of the method was verified by performing analysis of variety of matrices: muscle, liver, kidney, fat, eggs, and milk, including bovine urine and poultry excreta samples spiked with each analyte at the LOQ for each matrix as well as at higher levels (primary and confirmatory analysis).  Although some of the %recoveries are outside the laboratory repeatability criteria for analysis of pesticide residues, the relative standard deviation (<20%) were adequate relative to the respective concentration level tested.

The detailed results are shown in Table B.5.2.2-5-12.  



Reproducibility (ILV):

As this method is proposed for use as the enforcement monitoring method of animal commodities, a successful ILV of the Method is discussed in the next section.



Extraction Efficiency:

Similar extraction procedures as used in the animal metabolism studies were used, except that formic acid (2.2 mL/L) was added to the extraction solution. Extraction efficiency of this method was demonstrated by using aged radioactive residues of samples from poultry (eggs, fat, liver, and muscle) and cattle feeding study  (kidney and milk) and were analyzed using procedures described in method RV-004-A11-04 and, in parallel, using the procedures described in the metabolism studies.  The extraction efficiency ranged from 81-91% for the poultry matrices and 90 and 105% for cattle kidney and milk which indicates that the residue method (RV-004-A11-04) provides acceptable extraction efficiency.












Table B.5.2.2-5:	Recovery results for BYI 02960 using primary transition (289/126) from method validation of RV-004-A11-04.

		Sample material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD [%]

		LOQ [mg/kg]



		Poultry egg

		0.01

		113, 115, 118,103,109, 94, 98, 87, 84, 77, 93, 76, 115, 94, 84, 94, 84

		96

		14.2

		0.01



		

		4.0

		100, 81, 95

		92

		10.7

		



		

		

		Overall recovery (n = 20)

		96

		13.7

		



		Poultry fat

		0.01

		87, 88, 77, 85, 95, 103, 96, 94, 88, 93, 75, 105

		91

		10.1

		0.01



		

		4.0

		110, 104, 106

		107

		2.9

		



		

		

		Overall recovery (n = 15)

		94

		11.3

		



		Poultry liver

		0.01

		93, 104, 121, 114, 102, 114, 90, 94, 110, 95, 84, 92

		101

		11.4

		0.01



		

		4.0

		112, 102, 100

		104

		6.1

		



		

		

		Overall recovery (n = 15

		102

		10.4

		



		Poultry muscle

		0.01

		117, 106, 115, 119, 96, 119, 82, 81, 116, 94, 115, 98

		105

		13.5

		0.01



		

		4.0

		108, 112, 110

		109

		2.1

		



		

		

		Overall recovery (n = 15)

		106

		12.1

		



		Poultry excreta

		0.01

		87, 110, 104, 91, 112, 109, 88, 111

		102

		10.8

		0.01



		

		14.0

		98, 96, 93

		95

		2.6

		



		

		

		Overall recovery (n = 11)

		100

		9.6

		



		Bovine milk

		0.01

		109, 109, 108, 110, 108, 107, 102

		108

		2.5

		0.01



		

		0.025

		107

		

		

		



		

		0.05

		100, 102, 97, 105, 105

		102

		3.4

		



		

		0.10

		103, 109, 104

		105

		

		



		

		0.25

		103

		

		

		



		

		2.0

		100, 102, 103

		102

		1.5

		



		

		

		Overall recovery (n = 20)

		105

		3.5

		



		Bovine cream

		0.01

		109, 112, 107, 118, 105, 110, 106

		110

		4.0

		0.01



		

		0.10

		109, 107, 113

		110

		2.8

		



		

		1.0

		111, 109, 111

		110

		1.0

		



		

		

		Overall recovery (n = 13)

		110

		3.1

		



		Bovine whey

		0.01

		98, 99, 100, 98, 105, 101, 104

		101

		2.8

		0.01



		

		0.025

		104, 106, 102, 102, 101, 102, 106

		103

		2.0

		



		

		0.10

		101, 102, 102

		102

		0.6

		



		

		0.25

		105, 103, 104

		104

		1.0

		



		

		1.0

		102, 100, 104

		102

		2.0

		



		

		

		Overall recovery (n = 23)

		102

		2.3

		



		Bovine fat

		0.01

		104, 101, 105, 96, 107, 106, 103

		103

		3.6

		0.01



		

		0.05

		93, 100

		97

		

		



		

		0.1

		97, 100, 101

		99

		2.1

		



		

		1.5

		92, 95, 99

		95

		3.7

		



		

		

		Overall recovery (n = 15)

		100

		4.6

		



		
Bovine kidney

		0.01

		98, 99, 95, 91, 94, 98, 95

		96

		2.9

		0.01



		

		0.05

		93, 87, 98

		93

		5.9

		



		

		0.10

		96, 96, 94

		95

		1.2

		



		

		6.0

		90, 92, 97

		93

		3.9

		



		

		

		Overall recovery (n = 16)

		95

		3.5

		



		Bovine liver

		0.01

		98, 90, 89, 93, 91, 85, 84

		90

		5.3

		0.01



		

		0.05

		96, 98, 96

		97

		1.2

		



		

		0.10

		87, 88, 91

		89

		2.3

		



		

		4.0

		90, 93, 91

		91

		1.7

		



		

		

		Overall recovery (n = 16)

		91

		4.7

		



		Bovine muscle

		0.01

		92, 97, 92, 100, 96, 98, 100

		96

		3.5

		0.01



		

		0.05

		95, 99

		97

		

		



		

		0.10

		93, 98, 93

		95

		3.0

		



		

		2.0

		92, 90, 89

		90

		1.7

		



		

		

		Overall recovery (n = 15)

		95

		3.8

		



		Bovine urine

		0.01

		102, 104, 103, 103, 104, 103, 101

		103

		1.0

		0.01



		

		0.10

		102, 102, 102

		102

		0.0

		



		

		40.0

		109, 103, 104

		105

		3.1

		



		

		

		Overall recovery (n = 13)

		103

		1.9

		





* spiked compound BYI 02960 determined as BYI 02960	 expressed as BYI  02960



Table B.5.2.2-6:	Recovery results for BYI 02960 using confirmatory transition (289/90) from method validation of RARVP040.

		Sample 

material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD 

[%]

		LOQ

 [mg/kg]



		Bovine milk

		0.01

		100, 110, 106, 107, 109, 112, 99

		106

		4.7

		0.01



		

		0.10

		105, 108, 104

		106

		2.0

		



		

		

		Overall recovery (n = 10)

		106

		3.9

		



		Bovine cream

		0.01

		106, 117, 104, 123, 105, 112, 113

		111

		6.3

		0.01



		

		0.10

		104, 111, 112

		109

		4.0

		



		

		1.0

		115, 108, 111

		111

		3.2

		



		

		

		Overall recovery (n = 13)

		111

		5.0

		



		Bovine whey

		0.01

		112, 112, 102, 104, 111, 107, 106

		108

		3.7

		0.01



		

		0.10

		103, 99, 100

		101

		2.1

		



		

		

		Overall recovery (n = 10)

		106

		4.6

		



		Bovine fat

		0.01

		99, 115, 109, 108, 101, 113, 101

		107

		5.9

		0.01



		

		0.10

		96, 100, 103

		100

		3.5

		



		

		

		Overall recovery (n = 10)

		105

		6.1

		



		Bovine kidney

		0.01

		98, 93, 93, 103, 92, 94, 98

		96

		4.1

		0.01



		

		0.10

		96, 92, 95

		94

		2.2

		



		

		

		Overall recovery (n = 10)

		95

		3.6

		



		Bovine liver

		0.01

		91, 98, 93, 98, 85, 89, 87

		92

		5.6

		0.01



		

		0.10

		90, 88, 90

		89

		1.3

		



		

		

		Overall recovery (n = 10)

		91

		4.8

		



		Bovine muscle

		0.01

		104, 105, 105, 100, 112, 101, 105

		105

		3.7

		0.01



		

		0.10

		92, 97, 91

		93

		3.4

		



		

		

		Overall recovery (n = 10)

		101

		6.4

		



		Poultry egg

		0.01

		96, 102, 80, 87, 94, 85, 80

		89

		9.4

		0.01



		

		4.0

		95, 73, 92

		87

		13.8

		



		

		

		Overall recovery (n = 10)

		88

		10.1

		



		Poultry fat

		0.01

		74, 75, 99, 94, 130, 73, 128

		96

		25.62

		0.01



		

		4.0

		106, 103, 103

		104

		1.7

		



		

		

		Overall recovery (n = 10)

		99

		20.8

		



		Poultry liver

		0.01

		107, 117, 74, 95, 120, 109, 111

		105

		15.0

		0.01



		

		4.0

		108, 96, 99

		101

		6.2

		



		

		

		Overall recovery (n = 10)

		104

		12.8

		



		Poultry muscle

		0.01

		117, 123, 113, 81, 98, 106, 104

		106

		13.1

		0.01



		

		4.0

		107, 102, 104

		104

		2.4

		



		

		

		Overall recovery (n = 10)

		106

		10.8

		



		Poultry excreta

		0.01

		119, 110, 102, 112, 98, 104, 109

		108

		6.5

		0.01



		

		14.0

		96, 94, 89

		93

		3.9

		



		

		

		Overall recovery (n = 10)

		103

		9.0

		





* spiked compound BYI 02960 determined as BYI 02960	 expressed as BYI  02960

 

Table B.5.2.2-7:	Recovery results for BYI 02960-acetyl-AMCP using primary transition (185/107)  from method validation of RARVP040.

		Sample 

material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD

 [%]

		LOQ 

[mg/kg]



		Poultry egg

		0.01

		84, 97, 89, 120, 92, 103, 100, 76, 86, 100, 70, 89, 99, 104, 91, 90

		93

		12.7

		0.01



		

		4.0

		93, 81, 90

		88

		7.1

		



		

		

		Overall recovery (n = 19)

		92

		12.1

		



		Poultry fat

		0.01

		119, 81, 96, 85, 99, 77, 100, 92, 95, 107, 95, 87

		94

		12.2

		0.01



		

		4.0

		109, 111, 108

		109

		1.4

		



		

		

		Overall recovery (n = 15)

		97

		12.2

		



		Poultry liver

		0.01

		108, 112, 116, 117, 96, 116, 96, 114, 115, 89, 96, 94

		106

		10.0

		0.01



		

		4.0

		115,  100,  99

		105

		8.6

		



		

		

		Overall recovery (n = 15)

		106

		9.5

		



		Poultry muscle

		0.01

		114, 116, 117, 135, 103, 119, 118, 116, 110, 101, 92, 88

		111

		11.7

		0.01



		

		4.0

		108,  107,  101

		105

		3.6

		



		

		

		Overall recovery (n = 15)

		110

		10.7

		



		Poultry excreta

		0.01

		112, 106, 98, 101, 99, 108, 109, 109

		105

		5.0

		0.01



		

		14.0

		98, 91, 91

		93

		4.3

		



		

		

		Overall recovery (n = 11)

		102

		7.2

		



		Bovine milk

		0.01

		103, 105, 104, 104, 109, 106, 101

		105

		2.4

		0.01



		

		0.025

		112

		

		

		



		

		0.05

		103,102, 103, 109, 107

		105

		2.9

		



		

		0.10

		108, 112, 107

		109

		2.4

		



		

		0.25

		103

		

		

		



		

		2.0

		98, 99, 99

		99

		0.6

		



		

		

		Overall recovery (n = 20)

		105

		3.9

		



		Bovine cream

		0.01

		106, 108, 102, 113, 93, 98, 93

		102

		7.5

		0.01



		

		0.10

		111, 111, 114

		112

		1.5

		



		

		1.0

		114, 109, 115

		113

		2.9

		



		

		

		Overall recovery (n = 13)

		107

		7.3

		



		Bovine whey

		0.01

		99, 100, 102, 103, 104, 103, 106

		102

		2.3

		0.01



		

		0.10

		102, 102, 103

		102

		0.6

		



		

		

		Overall recovery (n = 10)

		102

		1.9

		



		Bovine fat

		0.01

		94, 97, 100, 98, 99, 97, 96

		97

		2.0

		0.01



		

		0.05

		97, 98

		98

		

		



		

		0.1

		96, 98, 101

		98

		2.6

		



		

		1.5

		101, 102, 106

		103

		2.6

		



		

		

		Overall recovery (n = 15)

		99

		3.0

		



		
Bovine kidney

		0.01

		102, 103, 105, 99, 99, 99, 96

		100

		3.0

		0.01



		

		0.05

		100, 94, 90

		95

		5.3

		



		

		0.10

		98, 99, 97

		98

		1.0

		



		

		6.0

		91, 93, 95

		93

		2.2

		



		

		

		Overall recovery (n = 16)

		98

		4.3

		



		Bovine liver

		0.01

		99, 85, 104, 93, 98, 86, 80

		92

		9.5

		0.01



		

		0.05

		103, 109, 95

		102

		6.9

		



		

		0.10

		93, 92, 98

		94

		3.4

		



		

		4.0

		93, 94, 94

		94

		0.6

		



		

		

		Overall recovery (n = 16)

		95

		7.7

		








		Sample 

material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD

 [%]

		LOQ

[mg/kg]



		Bovine muscle

		0.01

		89, 101, 92, 98, 98, 101, 99

		97

		4.7

		0.01



		

		0.05

		95, 103

		99

		

		



		

		0.10

		93, 103, 91

		96

		6.7

		



		

		2.0

		96, 96, 95

		96

		0.6

		



		

		

		Overall recovery (n = 15)

		97

		4.5

		



		Bovine urine

		0.01

		112, 119, 106, 109, 113, 111, 110

		111

		3.6

		0.01



		

		0.10

		108, 109, 107

		108

		0.9

		



		

		40.0

		109, 105, 107

		107

		1.9

		



		

		

		Overall recovery (n = 13)

		110

		3.3

		







Table B.5.2.2-8:	Recovery results for BYI 02960-acetyl-AMCP using confirmatory transition (185/143) from method validation of RARVP040.

		Sample 

material

		Spiking level* [mg/kg]

		Individual 

values

[%]

		Mean value [%]

		RSD

 [%]

		LOQ

 [mg/kg]



		Bovine milk

		0.01

		106, 107, 103, 102, 105, 105, 106

		105

		1.7

		0.01



		

		0.10

		110, 111, 110

		110

		0.5

		



		

		

		Overall recovery (n = 10)

		107

		2.8

		



		Bovine cream

		0.01

		106, 112, 101, 114, 110, 112, 99

		108

		5.4

		0.01



		

		0.10

		112, 110, 113

		112

		1.4

		



		

		1.0

		112, 108, 112

		111

		2.1

		



		

		

		Overall recovery (n = 13)

		109

		4.3

		



		Bovine whey

		0.01

		102, 103, 105, 99, 101, 100, 101

		102

		2.0

		0.01



		

		0.10

		102, 102, 102

		102

		0.0

		



		

		

		Overall recovery (n = 10)

		102

		1.6

		



		Bovine fat

		0.01

		93, 94, 98, 93, 100, 100, 95

		96

		3.3

		0.01



		

		0.10

		98, 99, 99

		99

		0.6

		



		

		

		Overall recovery (n = 10)

		97

		2.9

		



		Bovine kidney

		0.01

		103, 106, 97, 94, 99, 104, 92

		99

		5.3

		0.01



		

		0.10

		95, 97, 96

		96

		1.0

		



		

		

		Overall recovery (n = 10)

		98

		4.7

		



		Bovine liver

		0.01

		101, 96, 93, 92, 95, 85, 82

		92

		7.1

		0.01



		

		0.10

		95, 96, 93

		95

		1.6

		



		

		

		Overall recovery (n = 10)

		93

		6.0

		



		Bovine muscle

		0.01

		90, 88, 94, 96, 91, 103, 102

		95

		6.2

		0.01



		

		0.10

		91, 102, 92

		95

		6.4

		



		

		

		Overall recovery (n = 10)

		95

		5.9

		



		Poultry egg

		0.01

		90, 97, 93, 99, 92, 75, 75

		89

		11.1

		0.01



		

		4.0

		97, 85, 86

		89

		7.5

		



		

		

		Overall recovery (n = 10)

		89

		9.7

		



		Poultry fat

		0.01

		105, 82, 91, 86, 114, 84, 108

		96

		13.6

		0.01



		

		4.0

		111, 109, 106

		109

		2.3

		



		

		

		Overall recovery (n = 10)

		100

		12.4

		



		Poultry liver

		0.01

		91, 120, 96, 119, 115, 120, 113

		111

		10.9

		0.01



		

		4.0

		91, 85, 82

		86

		5.3

		



		

		

		Overall recovery (n = 10)

		103

		15.1

		



		Poultry muscle

		0.01

		113, 111, 104, 115, 98, 114, 119

		111

		6.5

		0.01



		

		4.0

		102, 110, 100

		104

		5.1

		



		

		

		Overall recovery (n = 10)

		109

		6.6

		



		Poultry excreta

		0.01

		90, 97, 96, 75, 92, 104, 107

		94

		11.1

		0.01



		

		14.0

		96, 91, 94

		94

		2.7

		



		

		

		Overall recovery (n = 10)

		94

		9.2

		





* spiked compound BYI 02960-acetyl-AMCP determined as BYI 02960-acetyl-AMCP expressed as BYI  02960






Table B.5.2.2-9:	Recovery results for DFA from method validation of method RARVP040.

		Sample 

material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD

 [%]

		LOQ

 [mg/kg]



		Poultry egg

		0.01

		100, 112, 109, 78, 87, 74,  81, 76, 78, 68, 77, 70, 83, 73, 79, 76, 71

		82

		15.9

		0.01



		

		4.0

		75, 70, 71

		72

		3.7

		



		

		

		Overall recovery (n = 20)

		80

		15.6

		



		Poultry fat

		0.01

		97, 91, 94, 97,  84,  80,  88,  96,  83,  85,  75,  74

		87

		9.4

		0.01



		

		4.0

		100,  96,  92

		96

		4.2

		



		

		

		Overall recovery (n = 15)

		89

		9.3

		



		Poultry liver

		0.01

		75,  90,  83,  97,  89,  93,  81,  103,  84,  77,  78,  82

		86

		9.9

		0.01



		

		4.0

		91,  85,  82

		86

		5.3

		



		

		

		Overall recovery (n = 15)

		86

		9.0

		



		Poultry muscle

		0.01

		91,  95,  101,  85,  82,  92,  88,  118,  98,  87,  86,  104

		95

		10.8

		0.01



		

		4.0

		86,  83,  80

		83

		3.6

		



		

		

		Overall recovery (n = 15)

		92

		11.0

		



		Poultry excreta

		0.01

		118,  110,  103,  114,  112,  121,  99,  92

		109

		9.1

		0.01



		

		14.0

		86,  86,  88

		87

		1.3

		



		

		

		Overall recovery (n = 11)

		103

		12.8

		



		Bovine milk

		0.02

		85, 88, 80, 88, 92, 76, 84

		85

		6.3

		0.02



		

		0.05

		81, 77, 78, 89, 91, 93, 93

		86

		8.5

		



		

		0.20

		91, 92, 94

		92

		1.7

		



		

		0.40

		85, 85, 93

		88

		5.3

		



		

		

		Overall recovery (n = 19)

		87

		6.7

		



		Bovine cream

		0.02

		103, 95, 89, 93, 85, 103, 96

		95

		7.1

		0.02



		

		0.20

		101, 102, 106

		103

		2.6

		



		

		

		Overall recovery (n = 10)

		97

		7.0

		



		Bovine whey

		0.05

		96, 94, 95, 95, 87, 96, 89

		93

		3.9

		0.02



		

		0.50

		102, 94, 99

		98

		4.1

		



		

		

		Overall recovery (n = 10)

		95

		4.6

		



		Bovine fat

		0.02

		81, 96, 88, 95, 92, 86, 87

		89

		6.0

		0.02



		

		0.05

		89, 93

		91

		

		



		

		0.60

		88, 89, 90

		89

		1.1

		



		

		

		Overall recovery (n = 12)

		90

		4.6

		



		
Bovine kidney

		0.02

		74, 73, 74, 79, 66, 69, 66

		72

		6.7

		0.02



		

		0.05

		69, 72

		71

		

		



		

		0.80

		84, 79, 84

		82

		3.5

		



		

		

		Overall recovery (n = 12)

		74

		8.5

		



		Bovine liver

		0.02

		87, 75, 97, 68, 73, 73, 82

		79

		12.7

		0.02



		

		0.05

		64, 72

		681

		

		



		

		0.60

		79, 80, 89

		83

		6.7

		



		

		

		Overall recovery (n = 12)

		78

		12.0

		



		Bovine muscle

		0.02

		66, 71, 76, 76, 77, 78, 73

		74

		5.7

		0.02



		

		0.05

		71, 78, 70

		73

		6.0

		



		

		0.50

		67, 65, 73

		681

		6.1

		



		

		

		Overall recovery (n = 13)

		72

		6.2

		



		Bovine urine

		0.02

		78, 85, 67, 73, 79, 70, 76

		75

		8.0

		0.02



		

		0.20

		92, 91, 92

		92

		0.6

		



		

		5.0

		106, 102, 101

		103

		2.6

		



		

		

		Overall recovery (n = 13)

		86

		15.0

		





* spiked compound DFA determined as DFA expressed as BYI  02960

Footnotes:
1: 	accepted as RSD was < 20%




Table B.5.2.2-10:  Recovery results for DFA from method validation of method RARVP040 (confirmatory).

		Sample 

material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD

 [%]

		LOQ

 [mg/kg]



		Bovine milk

		0.02

		84, 88, 78, 94, 94, 95, 94

		90

		7.3

		0.02



		

		0.20

		88, 88, 91

		89

		1.9

		



		

		

		Overall recovery (n = 10)

		89

		6.0

		



		Bovine cream

		0.02

		90, 92, 83, 87, 78, 84, 90

		86

		5.7

		0.02



		

		0.20

		98, 97, 98

		98

		0.6

		



		

		

		Overall recovery (n = 10)

		90

		7.6

		



		Bovine whey

		0.05

		93, 94, 85, 92, 97, 93, 89

		92

		4.2

		0.02



		

		0.50

		93, 97, 99

		96

		3.2

		



		

		

		Overall recovery (n = 10)

		93

		4.4

		



		Bovine fat

		0.02

		87, 89, 96, 95, 100, 89, 89

		92

		5.3

		0.02



		

		0.60

		85, 90, 87

		87

		2.5

		



		

		

		Overall recovery (n = 10)

		89

		6.9

		



		Bovine kidney

		0.02

		89, 86, 83, 78, 76, 79, 84

		82

		5.7

		0.02



		

		0.80

		82, 85, 81

		83

		2.5

		



		

		

		Overall recovery (n = 10)

		82

		4.8

		



		Bovine liver

		0.02

		76, 72, 75, 70, 70, 76, 77

		74

		4.0

		0.02



		

		0.60

		79, 76, 86

		80

		6.4

		



		

		

		Overall recovery (n = 10)

		76

		6.2

		



		Bovine muscle

		0.02

		63, 61, 66, 62, 69, 73, 65

		66

		6.5

		0.02



		

		0.50

		71, 67, 73

		70

		4.3

		



		

		

		Overall recovery (n = 10)

		67

		6.6

		



		Poultry egg

		0.01

		101, 90, 88, 82, 98, 83, 74

		88

		10.7

		0.01



		

		4.0

		77, 67, 70

		71

		7.2

		



		

		

		Overall recovery (n = 10)

		83

		13.7

		



		Poultry fat

		0.01

		72, 72, 84, 86, 83, 82, 90

		81

		8.4

		0.01



		

		4.0

		95, 91, 94

		93

		2.2

		



		

		

		Overall recovery (n = 10)

		85

		9.6

		



		Poultry liver

		0.01

		83, 102, 105, 93, 94, 94, 89

		94

		7.9

		0.01



		

		4.0

		95, 90, 84

		90

		6.1

		



		

		

		Overall recovery (n = 10)

		93

		7.5

		



		Poultry muscle

		0.01

		104, 117, 100, 90, 112, 79, 86

		98

		14.2

		0.01



		

		4.0

		80, 81, 81

		81

		0.7

		



		

		

		Overall recovery (n = 10)

		93

		15.3

		



		Poultry excreta

		0.01

		118, 110, 103, 114, 112, 121, 99

		111

		7.1

		0.01



		

		14.0

		89, 89, 88

		89

		0.7

		



		

		

		Overall recovery (n = 10)

		104

		12.0

		





* spiked compound DFA, determined as DFA, expressed as BYI  02960






Table B.5.2.2-11:	  Recovery results for BYI 02960-OH using primary transition (305/126) from method   validation of RARVP040.

		Sample 

material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD

 [%]

		LOQ

 [mg/kg]



		Poultry egg

		0.01

		102, 109, 101, 89, 99, 90, 96, 83, 90, 72, 95, 89, 113, 107, 73, 96, 99

		94

		12.0

		0.01



		

		4.0

		102,  89,  96

		96

		6.8

		



		

		

		Overall recovery (n = 20)

		95

		11.2

		



		Poultry fat

		0.01

		95, 106, 100, 87, 100, 88, 90, 93, 87, 86, 90, 102

		94

		7.3

		0.01



		

		4.0

		117,  113,  118

		1161

		2.3

		



		

		

		Overall recovery (n = 15)

		98

		11.3

		



		Poultry liver

		0.01

		84, 85, 120, 83, 74, 88, 89, 97, 101, 72, 91, 71

		88

		15.6

		0.01



		

		4.0

		108,  106,  107

		107

		0.9

		



		

		

		Overall recovery (n = 15)

		92

		15.8

		



		Poultry muscle

		0.01

		100, 112, 114, 97, 105, 93, 120,  119, 111, 107, 107, 81

		106

		10.7

		0.01



		

		4.0

		108,  112,  110

		110

		1.8

		



		

		

		Overall recovery (n = 15)

		106

		9.6

		



		Poultry excreta

		0.01

		102, 104, 100, 110, 102, 105, 101, 91

		102

		5.3

		0.01



		

		14.0

		97, 99, 91

		95

		4.4

		



		

		

		Overall recovery (n = 11)

		100

		5.7

		



		Bovine milk

		0.01

		115, 110, 111, 105, 113, 110, 108

		110

		2.9

		0.01



		

		0.025

		106

		

		

		



		

		0.05

		101, 104, 100, 106, 106

		103

		2.7

		



		

		0.10

		110, 108, 105

		108

		2.3

		



		

		0.25

		105

		

		

		



		

		2.0

		101, 105, 101

		102

		2.3

		



		

		

		Overall recovery (n = 20)

		102

		3.9

		



		Bovine cream

		0.01

		116, 115, 113, 124, 107, 109, 111

		114

		4.9

		0.01



		

		0.10

		110, 111, 113

		111

		1.4

		



		

		1.0

		114, 111, 114

		113

		1.5

		



		

		

		Overall recovery (n = 13)

		112

		3.7

		



		Bovine whey

		0.01

		104, 104, 104, 104, 102, 100, 103

		103

		1.5

		0.01



		

		0.025

		107, 112, 104, 109, 107, 108, 107

		108

		2.3

		



		

		0.10

		101, 100, 102

		101

		1.0

		



		

		0.25

		106, 112, 107

		108

		3.0

		



		

		

		Overall recovery (n = 20)

		105

		3.3

		



		Bovine fat

		0.01

		106, 107, 109, 101, 108, 107, 105

		106

		2.5

		0.01



		

		0.05

		98, 105

		102

		

		



		

		0.1

		97, 101, 106

		101

		4.4

		



		

		1.5

		94, 97, 98

		96

		2.2

		



		

		

		Overall recovery (n = 15)

		103

		4.7

		



		
Bovine kidney

		0.01

		101, 90, 99, 94, 90, 105, 98

		97

		5.8

		0.01



		

		0.05

		97, 93, 95

		95

		2.1

		



		

		0.10

		98, 98, 98

		98

		0.0

		



		

		6.0

		95, 94, 100

		96

		3.3

		



		

		

		Overall recovery (n = 16)

		97

		4.1

		



		Bovine liver

		0.01

		93, 88, 88, 90, 95, 90, 87

		90

		3.2

		0.01



		

		0.05

		98, 100, 93

		97

		3.7

		



		

		0.10

		91, 91, 92

		91

		0.6

		



		

		4.0

		97, 98, 95

		97

		1.6

		



		

		

		Overall recovery (n = 16)

		93

		4.3

		








		Sample

 material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD 

[%]

		LOQ 

[mg/kg]



		Bovine muscle

		0.01

		93, 100, 106, 95, 101, 101, 99

		99

		4.3

		0.01



		

		0.05

		117, 96

		107

		

		



		

		0.10

		96, 101, 94

		97

		3.7

		



		

		2.0

		92, 92, 92

		92

		0.0

		



		

		

		Overall recovery (n = 15)

		98

		6.8

		



		Bovine urine

		0.01

		109, 116, 110, 108, 113, 113, 112

		112

		2.5

		0.01



		

		0.10

		107, 105, 105

		106

		1.1

		



		

		40.0

		110, 106, 105

		107

		2.5

		



		

		

		Overall recovery (n = 13)

		109

		3.3

		





* spiked compound BYI 02960-OH determined as BYI 02960-OH	expressed as BYI  02960



Table B.5.2.2-12:  Recovery results for BYI 02960-OH using confirmatory transition (305/90) from method validation of RARVP040. 

		Sample

 material

		Spiking level* [mg/kg]

		Individual values

[%]

		Mean value [%]

		RSD 

[%]

		LOQ

 [mg/kg]



		Bovine milk

		0.01

		108, 106, 102, 108, 110, 112, 96

		106

		5.1

		0.01



		

		0.10

		111, 108, 102

		107

		4.3

		



		

		

		Overall recovery (n = 10)

		106

		4.7

		



		Bovine cream

		0.01

		121, 111, 111, 120, 108, 119, 110

		114

		4.8

		0.01



		

		0.10

		110, 110, 114

		111

		2.1

		



		

		1.0

		114, 107, 110

		110

		3.2

		



		

		

		Overall recovery (n = 13)

		113

		4.1

		



		Bovine whey

		0.01

		117, 103, 119, 95, 125, 133, 123

		116

		11.3

		0.01



		

		0.10

		118, 111, 116

		115

		3.1

		



		

		

		Overall recovery (n = 10)

		116

		9.4

		



		Bovine fat

		0.01

		111, 96, 101, 102, 94, 106, 99

		101

		5.7

		0.01



		

		0.10

		97, 103, 103

		101

		3.4

		



		

		

		Overall recovery (n = 10)

		101

		5.0

		



		Bovine kidney

		0.01

		93, 92, 93, 97, 92, 83, 92

		92

		4.6

		0.01



		

		0.10

		101, 100, 100

		100

		0.6

		



		

		

		Overall recovery (n = 10)

		94

		5.7

		



		Bovine liver

		0.01

		91, 92, 92, 97, 93, 85, 93

		92

		3.9

		0.01



		

		0.10

		88, 94, 93

		92

		3.5

		



		

		

		Overall recovery (n = 10)

		92

		3.6

		



		Bovine muscle

		0.01

		78, 81, 94, 104, 89, 89, 102

		91

		10.8

		0.01



		

		0.10

		95, 107, 92

		98

		8.1

		



		

		

		Overall recovery (n = 10)

		93

		10.2

		



		Poultry egg

		0.01

		94, 101, 96, 98, 77, 80, 83

		90

		10.7

		0.01



		

		4.0

		95, 80, 84

		86

		9.0

		



		

		

		Overall recovery (n = 10)

		89

		9.9

		



		Poultry fat

		0.01

		97, 113, 100, 91, 70, 97, 111

		97

		14.7

		0.01



		

		4.0

		109, 106, 105

		107

		2.0

		



		

		

		Overall recovery (n = 10)

		100

		12.6

		



		Poultry liver

		0.01

		72, 89, 115, 93, 111, 91, 119

		99

		17.2

		0.01



		

		4.0

		100, 102, 97

		100

		2.5

		



		

		

		Overall recovery (n = 10)

		99

		14.1

		



		Poultry muscle

		0.01

		72, 105, 104, 79, 89, 92, 97

		91

		13.5

		0.01



		

		4.0

		104, 109, 103

		105

		3.1

		



		

		

		Overall recovery (n = 10)

		95

		12.9

		



		Poultry excreta

		0.01

		111, 96, 99, 109, 74, 76, 90

		94

		15.6

		0.01



		

		14.0

		84, 92, 89

		88

		4.6

		



		

		

		Overall recovery (n = 10)

		92

		13.4

		





* spiked compound BYI 02960-OH determined as BYI 02960-OH	 expressed as BYI  02960





Independent laboratory validation



				
Report:

		KIIA 4.3/15, Willoh, J.M..; 2012



		Title:

		Independent Laboratory Validation of the Residue Analytical Method: “An Analytical Method for the Determination of Residues of BYI 02960 and its Metabolites BYI 02960-hydroxy, BYI 02960-acetyl-AMCP, and Difluoroacetic Acid in Animal Matrices and Biota Using LC-MS/MS,” Bayer Method No. RV-004-A11-04



		Report No. &

Edition No.

		RARVP042

M-432185-02-1



		Guidelines:

		OPPTS 860.1340 Residue Analytical Methods

OECD Guideline 505

APVMA Residue Guideline No. 23

DACO 7.2.1  – Supervised Residue Trial Analytical Methodology

DACO 8.2.2.4  – Analytical Methodology for Biota



		GLP:

		Yes (certified laboratory)







		



		

		





Report 2011/0164/01 (Konrad, 2012; KIIA 4.3/10) describes the ILV of Method RV-004-A11-04 for the determination of residues of BYI 02960 and its metabolites (BYI 02960-OH, BYI 02960-acetyl-AMCP, and DFA) in animal tissues.



Method RV-004-A11-04 was successfully validated on the first method trial for BYI 02960 and its metabolites on bovine milk and liver with no modifications. The individual results and all averaged results for all analytes in all matrices were within the acceptable range.  Three replicate samples of bovine milk and liver were spiked at 0.01 mg/kg (LOQ) and 0.10 mg/kg (10-fold  LOQ) for all analytes. The results from the ILV are summarised in Table B.5.2.2–13.  



Conclusion:

The ILV study is adequate and indicates that Method RV-004-A11-04 is suitable for use as an enforcement method (NAFTA) for animal matrices.
















Table B.5.2.2-13:	  Recovery Results Obtained by an Independent Laboratory Validation of the Enforcement Method RV-004-A11-04 for the determination of BYI 02960 and its metabolites in animal matrices, milk and eggs (SP C.3.1).

		Matrix



		Analyte

		

Spiking level

(mg/kg)

		

Sample size

(n)

		Recoveries

(%)

		Mean %

± std. dev.

		RSD

(%)



		Cow

Milk

		BYI 02960

		0.01

		3

		105, 94, 95

		98 ± 6.1

		6.2



		

		

		0.1

		3

		100, 105, 107

		104 ± 3.6

		3.5



		

		

		Overall

		6

		---

		101 ± 5.6

		5.5



		

		BYI 02960-OH

		0.01

		3

		102, 117, 97

		105 ± 10

		9.9



		

		

		0.1

		3

		102, 96, 90

		96 ± 6.0

		6.2



		

		

		Overall

		6

		---

		101 ± 9.2

		9.1



		

		BYI 02960-acetyl-AMCP

		0.01

		3

		109, 103, 115

		109 ± 6.0

		5.5



		

		

		0.1

		3

		102, 96, 99

		99 ± 3.0

		3.0



		

		

		Overall

		6

		---

		104 ± 6.9

		6.7



		

		DFA

		0.01

		3

		93, 86, 85

		88 ± 4.4

		5.0



		

		

		0.1

		3

		96, 96, 97

		96 ± 0.58

		0.60



		

		

		Overall

		6

		---

		92 ± 5.3

		5.8



		Cow

Liver

		BYI 02960

		0.01

		3

		92, 97, 71

		87 ± 14

		16



		

		

		0.1

		3

		92, 92, 81

		88 ± 6.4

		7.2



		

		

		Overall

		6

		---

		88 ± 9.6

		11



		

		BYI 02960-OH

		0.01

		3

		96, 92, 72

		87 ± 13

		15



		

		

		0.1

		3

		98, 91, 83

		91 ± 7.5

		8.3



		

		

		Overall

		6

		---

		89 ± 9.7

		11



		

		BYI 02960-acetyl-AMCP

		0.01

		3

		95, 86, 76

		86 ± 9.5

		11



		

		

		0.1

		3

		88, 87, 90

		88 ± 1.5

		1.7



		

		

		Overall

		6

		---

		87 ± 6.3

		7.2



		

		DFA

		0.01

		3

		114, 110, 106

		110 ± 4.0

		3.6



		

		

		0.1

		3

		80, 83, 81

		81 ± 1.5

		1.9



		

		

		Overall

		6

		---

		96 ± 16

		17







[bookmark: _Toc357081547]B.5.2.3	Assessment of FDA Multiresidue Testing for flupyradifinurone on  (Annex MIIA 4.3/10).



		
Report:

		KIIA 4.3/09, Ballard, Timothy.; 2012



		Title:

		FDA PAM Multiresidue Method (MRM) Testing for BYI 02960 and Four Metabolites



		Report No./Edition No.

		EN-CAS Study Number: 10-0039, Bayer Study Number: RARVP039
M-432818-01-1



		Guidelines:

		US EPA OPPTS 860.1360 – Multiresidue Method

PMRA DACO 7.2.4 Multi-residue Analytical Methodology Evaluation



		GLP:

		Yes (certified laboratory)







Principle of the FDA Multi-residue method evaluation



Executive summary:

Residues of BYI 02960 and its metabolites (DFA, DFEAF, BYI 02960-acetyl-AMCP, and BYI 02960-OH) have been evaluated using the multi-residue methodologies (MRM) as published in the FDA Pesticide Analytical Manual, Volume I (PAM Vol. I), Third Edition (January 1994) in non-fatty and fatty food. BYI 02960 and its metabolites were tested through Protocols A, B (DFA only), C, D, E, and F, but were not tested under Protocol G because the compounds are not substituted ureas.  The study was conducted by EN-CAS Analytical Laboratories. 



Protocol A

BYI 02960 and its hydroxy and acetyl-AMCP metabolites did display fluorescence, but >10,000 ng concentration would have been required to achieve 50% full-scale deflection, based on the carbofuran DL2 response. Therefore, Protocol A testing was suspended. No fluorescence response was detected for BYI 02960 metabolites, DFA or DFEAF, even with 10,000 ng injection. 

 

Protocol B

Only DFA was tested through Protocol B. A commercially available methyl ester was tested through GC module DG1. No peak was detected with a concentration of 1000 ng.  Further testing through Protocol B was discontinued.



Protocol C.

BYI 02960, DFEAF, BYI 02960-acetyl-AMCP, and BYI 02960-OH were deemed suitable for GC analysis using Module DG1 (ECD) and DG17 (NPD), so further testing under Protocols D-F was required. Extraction without clean-up was successful for these compounds except for BYI 02960-OH, but recovery through the complete method failed. 



Protocol E

Protocol E was tested as per protocol guidelines for BYI 02960, DFEAF, and BYI 02960-acetyl-AMCP.  Recovery through the complete method failed.



Protocol F

Protocol F was tested as per protocol guidelines for BYI 02960, DFEAF, and BYI 02960-acetyl-AMCP.  Recovery through the complete method failed.



Protocol G

Protocol G was not conducted because none of the compounds were substituted ureas.



The results of the multi-residue method testing are presented in Table B.5.3.1–1 below.



Conclusion

Testing of BYI 02960 and its plant metabolites through US FDA MRM testing protocols demonstrated that the methods are only suitable for the determination of BYI 02960, DFEAF, and BYI 02960-acetyl-AMCP in non-fatty matrices, but are not suitable for the determination of DFA or BYI 02960-OH.  In addition, the methods are not suitable for the determination of BYI 02960 or any of its metabolites in fatty matrices or matrices that require further clean-up.  Overall, the study results indicate that the FDA multi-residue methods are not suitable for determination of flupyradifurone and its metabolites. 



		Table  B.5.3.1–1   Results of Multiresidue Methods Testing with Flupyradifurone.



		PAM I Protocol

		Results

		Comments



		A

		BYI 02960 and its metabolites were testedd for natural fluorescence (Section 401, DL2). DFA or DFEAF did not show any fluorescence at a concentration of 10,000 ng. Signals were reported for BYI 02960, BYI 02960-acetyl-AMCP and BYI 02960-OH, but >10,000 ng would be required to achieve 50% FSD. Ttherefore, Protocol A testing was suspended.

		No further testing was conducted under Protocol A.



		B

		A commercially available methyl ester of DFA was evaluated for GC module DG1 detection. No peak was detected at a concentration of 1000 ng.

		Further testing was suspended due to poor sensitivity of the methyl ester with GLC analysis.



		C

		BYI 02960, DFA, DFEAF, BYI 02960-acetyl-AMCP and BYI 02960-OH were evaluated using two GC detection systems; one specific DG-17 (NPD) and one nonspecific DG-1 (ECD).



ECD/NPD - Except DFA, BYI 02960, DFEAF, BYI 02960-acetyl-AMCP, and BYI 02960-OH were suitable for GC analysis.

		Based on the results of Protocol C testing, further testing through Protocols D, E, and F was required for the detected compounds.



		D

		Because BYI 02960, DFEAF, BYI 02960-acetyl-AMCP showed adequate response on DG17 (NPD), recovery using Section 302 E1 extraction without Florisil cleanup was determined. Average recoveries from the apple matrix ranged from 101-137%.



Because BYI 02960, DFEAF, BYI 02960-acetyl-AMCP, and BYI 02960-OH showed adequate response on DG1 (ECD), recovery through Section 302 C1 Florisil cleanup was determined.  None of the four compounds were recovered and further testing on Protocol D was suspended.

		Recovery through the complete method failed; further testing was suspended.







		E

		Since compounds BYI 02960, DFEAF, and BYI 02960-acetyl-AMCP were recovered through Section 302 E1 extraction, recovery through Section 303 C1 and C2 Florisil cleanup was determined. Recoveries ranged from 53-56%, for the 6% ethyl ether elution. None of the compounds were detected in the 15% or 50% ethyl ether elations. Recoveries ranged from 54- 62% for eluent number 1. None of the compounds were detected in eluent numbers 2 or 3.



Since the recoveries through Florisil cleanup were above 30%, the apple matrix was spiked at 1.0 mg/kg (the proposed tolerance) and extracted using Section 303 E1 conditions. None of the compounds were recovered using Section 303 E1 C1 or C2 extraction followed by cleanup and further testing on Protocol D was suspended.

		Recovery through the complete method failed; further testing was suspended.







		F

		Because BYI 02960, DFEAF, and BYI 02960-acetyl-AMCP showed adequate response on ECD, recovery through Section 304 C1 and C2 Florisil cleanup was determined. Recoveries ranged from 53-58% for the C1 6% ethyl ether elution. None of the compounds were detected in petroleum ether or ethyl ether elations. Recoveries ranged from 54-62% for C2 eluent number 1.



Since recoveries through Section 304 C1 and C2 Florisil cleanup were above 30%, the corn oil matrix was spiked at 0.05 mg/kg and 0.50 mg/kg and extracted using Section 304 E3 conditions. None of the compounds were recovered using Section 303 E3 extraction followed by C1 or C2 cleanup and further testing on Protocol F was suspended.

		Recovery through the complete method failed; further testing was suspended.







		G

		Not tested.

		BYI 02960 or its metabolites are not substituted ureas.
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OCSPP 860.1380



B.7.6.2		Stability of Residues Prior to Analysis

[bookmark: _Toc330564884][bookmark: _Toc331492067]B.7.6.2.1	Plant Matrices

		Reference:

		KIIA 6.1.1/01



		Report:

		Storage stability of BYI 02960, difluoroacetic acid, and difluoroethyl-amino-furanone in plant matrices  (18-Month Data) B.C. Timberlake and A.M.Harbin. 2012



		Report No. &
Document No.:

		RARVP046-1

M-428412-01-1



		MRID:

		48843841



		Guidelines:

		– EPA Ref. OPPTS 860.1380 Storage Stability Data

– OECD Guideline for the Testing of Chemicals No. 506, Stability of Pesticide Residues in Stored Commodities

– PMRA Residue Chemistry Guidelines, Reg. Dir. 98-02, Section 5, Storage Stability Data



		Testing Facility:

		Bayer CropScience

Environmental Safety

17745 South Metcalf

Stilwell, KS 66085



		Testing Facility Report No.:

		RARVP046-1



		GLP:

		Yes



		Study Reliability:

		Partially Reliable







This study was initiated to evaluate the freezer storage stability of BYI 02960, difluoroacetic acid (DFA), and difluoroethyl-amino-furanone (DFEAF) in the plant matrices of orange fruit (high-acid content representative), spinach leaves and tomato fruit (high-water content representatives), wheat grain (high-starch content representative), navy bean seed (high-protein content representative), coffee and soybean seed (high-oil content representatives), and sugarcane.



B.7.6.2.1.1  Materials and Methods

		1.

		Test materials:

		BYI 02960 (flurpyradifurone); DFA (difluoroacetic acid); DFEAF (difluoroethyl-amino-furanone)



		

		Lot/Batch# and Purity:

		K-184. 99.4% BYI 02960 



		

		

		K-1913  95.8%  DFA



		

		

		K-1849  93.2%  DFEAF



		

		Description:

		Not provided.



		

		CAS #:

		951659-40-8 BYI 02960.  381-73-7 DFA.  Not available for DFEAF



		

		Stability of test compound:

		Stable



		2

		Test commodity:

		Homogenized samples of orange, spinach leaves, tomato fruit, wheat grain, bean seed, coffee bean, soybean seed, sugarcane



		

		Sample size

		5 g (multiple)










B.7.6.2.1.2	Study design



B.7.6.2.1.2.1	Test procedure

Individual 5-g +/- 0.5 g control samples of homogenized orange fruit (high-acid content), spinach leaves and tomato fruit (high-water content), wheat grain (high-starch content), bean seed (high-protein content), coffee bean and soybean seed (high-oil content), and sugarcane were each spiked with 5.0 µg of either BYI 02960 parent compound, DFA, or DFEAF.  This resulted in a spiking level of 1.0 µg/g of each analyte.  Except for the day-0 analysis, samples were stored in glass containers in a freezer at an average temperature of ≤-12°C.  For day-0 analysis, three treated samples of each material were chosen, as well as one control sample of each.  Samples were then also analysed after nominal intervals of 1, 2½, 5-6, and 12, and 18 months.  The intended final storage period to be covered in this study is 2 years. At each of these intervals, two treated samples of each material were removed from storage and analyzed, as well as a control sample and two samples for concurrent recovery.  Samples used for concurrent recoveries were prepared at the same time and stored in the same fashion as the control samples, and spiked on the day of analysis.  



B.7.6.2.1.2.1	Method of Analysis

Samples were extracted by blending an aliquot of the matrix with a mixture of ACN/water (4:1; v/v) with 2.2 mL/L formic acid. The extract was diluted, and an aliquot was evaporated to near dryness, reconstituted, and purified through a C-18 SPE column. The eluent was diluted and amended with a mixture of stable, isotopically labeled internal standards. An aliquot was analyzed by high-performance liquid chromatography/triple stage quadrupole mass spectrometry (LC-MS/MS), method 01304 or RV-001-P10-02.  Quantitation of each analyte was based on the daughter ion transitions of the analytes and the respective internal standard analogs. The responses of the LC-MS/MS system to each analyte and its internal standard were measured in samples and in standards, and a relative response was calculated as the ratio of the analyte and the stable isotopically labeled internal standard responses. The LOQ was 0.01 mg/kg for parent and DFEAF and 0.02 mg/kg for DFA, expressed as parent equivalents. 



[bookmark: _Toc153607888][bookmark: _Toc195496329][bookmark: _Toc205614853][bookmark: _Toc292274713]Table B.7.6.2-1	:   Summary parameters for the analytical method RV-001-P10-02  used for the quantitation of BYI  02960  and metabolite residues in crop matrices.

		Method ID

		Bayer Crop Science RV-001-P1-.02 

Li, Y. 2011. Validation of Bayer CropScience Method RV-001-P10-02: An Analytical Method for the Determination of Residues of BYI 02960, 6-Chloronicotinic Acid, Difluoroacetic Acid, and Difluoroethyl-amino-furanone in Plant Matrices Using LC/MS/MS. Bayer CropScience Report Number RARVP013.



		Analyte(s)

		BYI 02960; DFA; DFEAF



		Extraction solvent/technique

		4:1 acetonitrile:purified water with 2.2 mg/L formic acid



		Cleanup strategies

		C-18 solid phase extraction column



		Instrument/detector

		Not described in this study report.



		Standardization method

		Internal standard, isotopically labeled BYI 02960, DFA, DFEAF










B.7.6.2.1.3	Results and Discussion 



The mean values of the concurrent recovery rates per compound, sample material, and spiking level were in the range of 81-107%, with relative standard deviations in the range of 3 - 14%.  



Table B.7.6.2-2: Concurrent recovery data for the relevant residues of BYI 02960 in various 

plant matrices.



		Crop

Matrix

		Analyte

		n

		Spiking level (mg/kg)

		Recovery (%)



		

		

		

		

		Individual

		Min

		Max

		Mean

		RSD



		Study Number: RARVP046/2011



		spinach leaf

		BYI 02960

		13

		1.0

		84, 90, 99, 93, 99, 92, 89, 95,95, 115, 124, 99, 96

		84

		124

		98

		11



		

		difluoroacetic acid

		13

		1.0

		101, 99, 101, 97, 99, 90, 89, 87, 84, 69, 70, 106, 107

		69

		107

		92

		13



		

		BYI 02960-difluoroethyl-aminofuranone

		13

		1.0

		102, 112, 104, 106, 108, 99, 102, 118, 110, 112, 98, 105, 99

		98

		112

		106

		6



		orange fruit

		BYI 02960

		13

		1.0

		101, 93, 95, 88, 89, 104, 67,111, 97, 107, 97, 75, 85

		67

		111

		93

		13



		

		difluoroacetic acid

		13

		1.0

		94, 93, 96, 98, 99, 102, 76,87, 86, 94, 94, 90, 93

		76

		102

		92

		7



		

		BYI 02960-difluoroethyl-aminofuranone

		13

		1.0

		104, 103, 105, 102, 98, 115, 82, 120, 119, 101, 92, 99, 95

		82

		120

		103

		10



		soybean seed

		BYI 02960

		13

		1.0

		97, 90, 91, 95, 92, 92, 94, 88, 94, 96, 95, 98, 93

		88

		98

		93

		3



		

		difluoroacetic acid

		13

		1.0

		66, 95, 76, 88, 90, 90, 96, 75, 75, 74, 73, 80, 77

		66

		96

		81

		12



		

		BYI 02960-difluoroethyl-aminofuranone

		13

		1.0

		112, 109, 101, 92, 106, 104, 102, 116, 118, 84, 85, 104, 90

		84

		118

		102

		11



		navy bean

		BYI 02960

		13

		1.0

		105, 104, 125, 93, 90, 96, 93,104, 97, 106, 121, 100, 101

		90

		125

		103

		10



		

		difluoroacetic acid

		13

		1.0

		96, 91, 100, 95, 96, 100, 96,79, 78, 82, 78, 99, 98

		78

		100

		91

		10



		

		BYI 02960-difluoroethyl-aminofuranone

		13

		1.0

		109, 94, 103, 121, 98, 103, 111, 118, 115, 98, 88, 116, 113

		94

		121

		107

		10








		Crop

Matrix

		Analyte

		n

		Spiking level (mg/kg)

		Recovery (%)



		

		

		

		

		Individual

		Min

		Max

		Mean

		RSD



		sugarcane

		BYI 02960

		13

		1.0

		97, 105, 99, 107, 96, 92, 89, 98, 99, 83, 90, 88, 89

		83

		107

		95

		7



		

		difluoroacetic acid

		13

		1.0

		100, 97, 97, 95, 98, 98, 97, 85, 86, 96, 97, 92, 95

		85

		100

		95

		5



		

		BYI 02960-difluoroethyl-aminofuranone

		13

		1.0

		116, 114, 100, 88, 90, 101, 84, 116, 117, 87, 86, 86, 81

		84

		117

		97

		14



		coffee bean, green

		BYI 02960

		13

		1.0

		92, 97, 95, 100, 94, 83, 80, 88, 83, 100, 86, 87, 95

		80

		100

		91

		7



		

		difluoroacetic acid

		13

		1.0

		89, 89, 94, 92, 87, 77, 77, 80, 79, 72, 75, 79, 90

		72

		94

		83

		9



		

		BYI 02960-difluoroethyl-aminofuranone

		13

		1.0

		103, 103, 97, 108, 92, 92, 86, 120, 117, 92, 89, 84, 94

		89

		120

		98

		12



		tomato fruit

		BYI 02960

		13

		1.0

		95, 108, 81, 88, 91, 86, 87,105, 109, 97, 81, 103, 101

		81

		109

		95

		10



		

		difluoroacetic acid

		13

		1.0

		99, 105, 100, 99, 99, 96, 91, 82, 85, 101, 94, 102, 102

		82

		105

		97

		7



		

		BYI 02960-difluoroethyl-aminofuranone

		12

		1.0

		112, 108, 98, 94, 103, 102, 120, 116, 94, 99, 105, 117

		94

		120

		106

		8



		wheat grain

		BYI 02960

		13

		1.0

		97, 87, 99, 96, 90, 96, 82, 90, 104, 103, 82, 95, 98

		82

		104

		94

		8



		

		difluoroacetic acid

		13

		1.0

		85, 98, 92, 95, 99, 97, 79, 81, 75, 70, 73, 85, 91

		70

		99

		86

		12



		

		BYI 02960-difluoroethyl-aminofuranone

		13

		1.0

		97, 104, 107, 103, 99, 109, 84, 104, 104, 92, 92, 97, 102

		84

		109

		100

		7












Table B.7.6.2-3:  Summary of stability data for deep-frozen samples spiked with 

BYI  02960 at 1 mg/kg.

		Matrix

		Storage period
(d)

		Concurrent recovery
(%)

		Recovery in stored samples (%)



		

		

		

		Apparent

		Normalized
to day 0

		Corrected
for recovery



		sugarcane

		0

		(100)

		100

		100

		100



		

		29

		101

		92

		92

		91



		

		77

		91

		85

		85

		93



		

		149

		98

		94

		94

		96



		

		372

		87

		93

		93

		107



		

		559

		89

		92

		92

		104



		
coffee bean

(green)

		0

		(100)

		94

		100

		100



		

		33

		97

		93

		99

		96



		

		81

		81

		81

		85

		99



		

		152

		85

		104

		110

		122



		

		370

		93

		83

		88

		89



		

		560

		91

		94

		100

		104



		orange fruit

		0

		(100)

		96

		100

		100



		

		28

		89

		84

		88

		95



		

		77

		86

		95

		98

		111



		

		148

		104

		84

		87

		81



		

		365

		102

		80

		83

		79



		

		556

		80

		90

		94

		113



		soybean seed

		0

		(100)

		93

		100

		100



		

		28

		93

		93

		101

		100



		

		75

		93

		96

		104

		104



		

		148

		91

		97

		105

		106



		

		371

		96

		98

		106

		103



		

		558

		95

		89

		96

		93



		navy bean

		0

		(100)

		111

		100

		100



		

		26

		91

		107

		96

		117



		

		75

		94

		110

		99

		117



		

		148

		100

		123

		111

		123



		

		364

		113

		127

		114

		112



		

		558

		100

		94

		84

		94



		tomato fruit

		0

		(100)

		95

		100

		100



		

		28

		90

		92

		97

		103



		

		76

		86

		89

		94

		102



		

		148

		107

		105

		111

		98



		

		370

		89

		95

		101

		107



		

		558

		102

		94

		99

		92



		spinach

		0

		(100)

		91

		100

		100



		

		26

		96

		97

		106

		101



		

		75

		90

		85

		93

		94



		

		147

		94

		104

		114

		110



		

		364

		119

		97

		106

		81



		

		557

		98

		100

		110

		103



		wheat grain

		0

		(100)

		94

		100

		100



		

		27

		93

		90

		95

		97



		

		76

		89

		82

		87

		93



		

		186

		97

		109

		116

		113



		

		362

		92

		77

		81

		83



		

		557

		97

		91

		97

		94








Table B.7.6.2-4:  Summary of stability data for deep-frozen samples spiked with difluoroacetic acid (DFA) at 1  mg/kg.

		Matrix

		Storage period
(d)

		Concurrent recovery
(%)

		Recovery in stored samples (%)



		

		

		

		Apparent

		Normalized
to day 0

		Corrected
for recovery



		sugarcane

		0

		(100)

		98

		100

		100



		

		29

		97

		96

		99

		100



		

		77

		97

		92

		94

		94



		

		149

		86

		100

		102

		116



		

		372

		97

		99

		101

		102



		

		559

		93

		137

		140

		147



		
coffee bean

(green)

		0

		(100)

		90

		100

		100



		

		33

		90

		89

		98

		99



		

		81

		77

		76

		84

		99



		

		152

		80

		94

		104

		118



		

		370

		73

		79

		87

		108



		

		560

		85

		108

		120

		128



		orange fruit

		0

		(100)

		95

		100

		100



		

		28

		98

		100

		106

		102



		

		77

		89

		99

		105

		112



		

		148

		87

		93

		98

		107



		

		365

		94

		98

		103

		104



		

		556

		92

		119

		126

		131



		soybean seed

		0

		(100)

		79

		100

		100



		

		28

		89

		71

		89

		79



		

		75

		93

		82

		103

		88



		

		148

		75

		98

		124

		131



		

		371

		73

		79

		99

		107



		

		558

		79

		87

		110

		111



		navy bean

		0

		(100)

		96

		100

		100



		

		26

		96

		99

		104

		104



		

		75

		98

		108

		113

		110



		

		148

		79

		100

		104

		127



		

		364

		80

		78

		82

		98



		

		558

		99

		128

		134

		130



		tomato fruit

		0

		(100)

		101

		100

		100



		

		28

		99

		96

		95

		97



		

		76

		94

		94

		93

		100



		

		148

		84

		98

		96

		117



		

		370

		98

		105

		104

		108



		

		558

		102

		134

		133

		132



		spinach

		0

		(100)

		100

		100

		100



		

		26

		98

		97

		97

		99



		

		75

		90

		87

		87

		97



		

		147

		85

		100

		99

		117



		

		364

		70

		74

		74

		106



		

		557

		107

		147

		146

		138



		wheat grain

		0

		(100)

		92

		100

		100



		

		27

		97

		98

		107

		102



		

		76

		88

		94

		102

		107



		

		186

		78

		98

		107

		126



		

		362

		72

		71

		78

		100



		

		557

		88

		116

		126

		132








Table B.7.6.2-5:  Summary of stability data for deep-frozen samples spiked with 

BYI 02960-difluoroethyl-amino-furanone (DFEAF) at 1 mg/kg.

		Matrix

		Storage period
(d)

		Concurrent recovery
(%)

		Recovery in stored samples (%)



		

		

		

		Apparent

		Normalized
to day 0

		Corrected
for recovery



		sugarcane

		0

		(100)

		110

		100

		100



		

		29

		89

		81

		74

		91



		

		77

		93

		88

		80

		95



		

		149

		117

		112

		102

		96



		

		372

		87

		93

		85

		108



		

		559

		83

		94

		85

		112



		
coffee bean

		0

		(100)

		101

		100

		100



		(green)

		33

		100

		94

		93

		94



		

		81

		89

		88

		87

		99



		

		152

		118

		100

		99

		85



		

		370

		90

		86

		85

		95



		

		560

		88

		89

		88

		101



		orange fruit

		0

		(100)

		104

		100

		100



		

		28

		100

		109

		105

		109



		

		77

		98

		94

		90

		96



		

		148

		119

		110

		105

		92



		

		365

		97

		92

		88

		95



		

		556

		97

		85

		81

		87



		soybean seed

		0

		(100)

		107

		100

		100



		

		28

		99

		106

		99

		107



		

		75

		103

		94

		87

		91



		

		148

		117

		117

		108

		100



		

		371

		84

		85

		79

		101



		

		558

		97

		87

		81

		89



		navy bean

		0

		(100)

		102

		100

		100



		

		26

		109

		102

		100

		93



		

		75

		107

		93

		91

		87



		

		148

		116

		103

		101

		89



		

		364

		93

		88

		86

		94



		

		558

		114

		104

		102

		90



		tomato fruit

		0

		(100)

		110

		100

		100



		

		28

		96

		116

		105

		121



		

		76

		103

		100

		91

		98



		

		148

		118

		101

		92

		86



		

		370

		97

		84

		76

		87



		

		558

		111

		89

		81

		80



		spinach

		0

		(100)

		106

		100

		100



		

		26

		107

		109

		103

		102



		

		75

		101

		96

		91

		96



		

		147

		114

		109

		102

		95



		

		364

		105

		95

		90

		91



		

		557

		102

		95

		89

		93



		wheat grain

		0

		(100)

		103

		100

		100



		

		27

		101

		106

		103

		105



		

		76

		96

		91

		88

		94



		

		186

		104

		99

		96

		95



		

		362

		92

		90

		88

		98



		

		557

		100

		87

		84

		87








 B.7.6.2.1.3 	Conclusion

At day 0, average residue recoveries of BYI 02960 ranged from 91-111% of nominal; of DFEAF ranged from 101-110% of nominal; and of DFA ranged from 79-101% of nominal.  In samples analysed after approximately 18 months (1.5 years; 556 – 560 days) of frozen storage, storage stability recoveries, corrected to day 0, ranged from 80 - 112% for BYI 02960, 76-90% for DFEAF, and 106 - 147% for DFA.  At all sampling dates and in all sample materials, the relevant components of the residue of BYI 02960 were above 70%.  Even in the case of the lower values in the given ranges, there was no evidence of any continued degradation of any of the analytes in any of the sample materials. Thus, all analytes can be considered stable in all relevant plant matrix types for a period of at least 18 months These results validate the residue values reported in supervised field trials and processing studies with respect to storage stability of samples frozen prior to analysis. 



The storage stability study as reported and summarized in this section will be continued until a storage period of 2 years has been covered.  Therefore, the study is partially reliable pending submission of additional data for intervals of storage in excess of 18  months.



B.7.6.2.2	Animal Matrices 

The longest storage periods for samples from animal residue studies (feeding studies) are shown below.



Table B.7.6.2-6:  Periods of frozen storage (approx. ‑15 to ‑20°C) of animal-based 

samples (between sampling and analysis) for relevant matrices.

		Sample material

		Analyte
group*

		Longest storage duration (d)

		Study



		Animal

		Matrix

		

		

		Report no./MRID

		Annex point



		Ruminant

		milk

		A

		16

		RARVP050/

48843842

		B.7.8.2



		

		

		B

		25

		

		



		

		cream

		A & B

		11

		

		



		

		whey

		A

		5

		

		



		

		

		B

		7

		

		



		

		fat

		A

		14

		

		



		

		

		B

		40

		

		



		

		kidney

		A

		22

		

		



		

		

		B

		41

		

		



		

		liver

		A

		21

		

		



		

		

		B

		37

		

		



		

		muscle

		A

		19

		

		



		

		

		B

		41

		

		



		

		urine

		A & B

		33

		

		



		poultry

		eggs

		A & B

		12

		RARVP041/

48843843

		B.7.8.1



		

		fat

		A & B

		11

		

		



		

		liver

		A & B

		11

		

		



		

		muscle

		A & B

		11

		

		



		

		excreta

		A & B

		18

		

		





* 	analyte group A comprises BYI 02960, BYI 02960-acetyl-AMCP, and BYI 02960-OH; analyte group B comprises DFA





Based on the information presented here, no storage stability data were required for the relevant residues of BYI 02960 in most animal matrices.  Only samples with DFA in bovine fat, kidney, liver, muscle, and urine were stored for period in excess of one month.  Also for  BYI 02960, BYI 02960-acetyl-AMCP, and BYI 02960-OH in bovine urine, periods of storage were up to 33 days.



		Reference:

		KIIA 6.4.2/01



		Report:

		BYI 02960 – Magnitude of the residue in dairy cows. S.M. Moore and A. M. Harbin. 2012 



		Report No./Document No.:

		RARVP050 / M-428416-02-1



		MRID:

		48843842



		Guidelines:

		– OPPTS 860.1480 – Meat/milk/poultry/eggs

– OECD Guideline 505

– APVMA Residue Guideline No. 23

– DACO 7.5 – Meat/milk/poultry/eggs



		Testing Facility:

		Bayer CropScience Environmental Research

Bayer Research Park

17745 South Metcalf Avenue

Stilwell, KS 66085-9104 and Southwest Bio-Labs, Inc.(SBL)

401 N. 17th St., Suite 11

Las Cruces, NM 88005



		Testing Facility Report No.:

		RARVP050-1



		GLP:

		Yes



		Study reliability:

		Fully reliable







B.7.6.2.2.1  Materials and Methods

To determine the freezer storage stability of the relevant residues of BYI 02960 in animal materials, individual control samples of bovine fat, kidney, liver, and muscle were each spiked with DFA, at a nominal concentration of 0.20 mg/kg.  Samples were stored in a freezer at a temperature of -15°C.  For day-0 analysis, three treated samples of each material were chosen, as well as one control sample of each.  Samples were then analysed after an interval of 43 days, in order to cover the longest period of storage for these matrices in the GLP feeding study.  At this interval, two treated samples of each material were removed from storage and analyzed, as well as a control sample and two samples for concurrent recovery.  Samples used for concurrent recoveries were prepared at the same time and stored in the same fashion as the control samples, and spiked on the day of analysis.  DFA was determined using analytical method 01304 parallel to the residue analysis of the samples.  The LOQ of the method was 0.02 mg/kg for DFA, expressed as parent equivalents. 



B.7.6.2.2.2	Results and Discussion

The mean values of the concurrent recovery rates per compound, sample material, and spiking level were in the range of 64-87%, with standard deviations < 8%.  






Table B.7.6.2-7:  Concurrent recovery data for DFA in various bovine matrices.

		Study No./
Year

		Bovine Matrices

		Analyte

		n

		Spiking level (mg/kg)

		Recovery (%)



		

		

		

		

		

		Individual recoveries

		Min

		Max

		Mean

		RSD



		RARVP050/
2011

		Fat

		DFA

		5

		0.20

		80, 87, 91, 88, 88

		80

		91

		87

		4.7



		

		Kidney

		DFA

		5

		0.20

		70, 72, 65, 73, 72

		65

		73

		70

		4.6



		

		Muscle

		DFA

		5

		0.20

		63, 66, 68, 68, 71

		63

		71

		67

		4.4



		

		Liver

		DFA

		5

		0.20

		58, 61, 63 71, 65

		58

		71

		64

		7.7





Additional recoveries for these matrices are presented with the feeding study, B.7.8.2



At day 0, average residue recoveries of DFA ranged from 60-86% of nominal.  In samples analysed after 43 days of frozen storage, storage stability recoveries, normalized to day 0, ranged from 100-109%.  When corrected for concurrent recovery, they ranged from 97-100%. There was no evidence of any continued degradation of DFA in any of the sample materials.  Thus, it can be considered stable in all relevant animal matrix types over the tested period of 43 days.



Table B.7.6.2-8	: Summary of stability data for deep-frozen samples spiked  with DFA at 0.20 mg/kg.

		Matrix

		Storage period
(d)

		Concurrent recovery
(%)

		Recovery in stored samples (%)



		

		

		

		Apparent

		Normalized
to day 0

		Corrected
for recovery



		Fat

		0

		-

		85.8

		100

		100



		

		43

		87.8

		86.0

		100.2

		98.0



		Kidney

		0

		-

		68.7

		100

		100



		

		43

		72.5

		72.5

		105.5

		100



		Muscle

		0

		-

		65.3

		100

		100



		

		43

		69.0

		69.0

		105.6

		100



		Liver

		0

		-

		60.3

		100

		100



		

		43

		68.0

		65.8

		109.1

		96.7







B.7.6.2.2.3	Conclusion

During a storage period of 43 days under deep-freezer conditions, DFA was stable in bovine fat, kidney, liver, and muscle.  These results validate the residue values reported in the cattle feeding study with respect to storage stability of samples frozen prior to analysis.  In addition, data from the plant storage stability study (B.7.6.2.1) in high-water content matrices indicate that the crucial components of the residue in urine, BYI 02960 and DFA, are stable in storage, thus validating the residue values reported in the cattle feeding study.
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B.7	Residue data



B.7.1	Metabolism, distribution and expression of residues in plants.



BYI 02960 or  flupyradifurone is a new insecticide being developed by Bayer CropScience. The chemical structure and nomenclature for the active substance are provided below. 



		[image: ]Chemical structure:

		



		Common name:

		Flupyradifurone



		Company code:

		BYI 02960



		IUPAC name:

		4-[[(6-chloropyridin-3-yl)methyl](2,2-difluoroethyl)amino]furan-2(5H)-one



		CAS name:

		2(5H)-furanone, 4-[[(6-chloro-3-pyridinyl)methyl](2,2-difluoroethyl)amino]-



		CAS #:

		951659-40-8



		Empirical formula:

		C12 H11 Cl F2 N2 O2



		Molecular weight:

		288.68 g/mol







The metabolism of BYI 02960 has been investigated in target plants (apple, cotton, rice, tomato, potato) using different application techniques (foliar application, soil application, seed piece treatment, and granular application) and in confined rotational crops. The representative rotational crops were wheat, Swiss chard and turnips, which were studied at three plant back intervals. 



As BYI 02960 contains separate ring systems, two different radiolabels were used in all plant studies. These label positions are shown below:

		[image: ]



* denotes position of radiolabel, labelled in the methyl group of the pyridinylmethyl moiety 

		[image: ]



* denotes position of radiolabel, labelled in the 4-position of the furanone ring





		[Pyridinylmethyl-14C]-BYI 02960

		[Furanone-4-14C]-BYI 02960









A third radiolabel was used for one additional plant study after soil degradation studies indicated the formation of significant amounts of difluoroacetic acid (DFA) after application of BYI 02960 to soil. The fate of this radiolabel was investigated in a tomato study as a crop being representative for soil (drench) application.

		[image: ]



* denotes position of radiolabel, labelled in the ethyl group of the difluoroethyl amino moiety 





		[Ethyl-1-14C]-BYI 02960







Additionally, residue levels of difluoroacetic acid were estimated by LC-MS/MS according to the conditions of residue analytical method 01304 in selected samples collected in the plant and confined rotational crop metabolism studies conducted with either [Pyridinylmethyl-14C]-BYI 02960 or [furanone-4-14C]-BYI 02960. Thus, non-radiolabeled DFA levels have been determined in all crops included in the BYI 02960 metabolism studies.



Metabolism studies were conducted in crops representing four different crop categories (fruits, root vegetables, oilseeds and cereals). The studies reflected the intended use patterns of the active substance for foliar and soil treatment (including seed piece treatment, granular application and soil drench) as summarized in the Table B.7.1.-1.



Table B.7.1-1:	Crops and application techniques used in the metabolism studies

		Crop group 

		Crop

		Application technique



		Fruits

		apple

		foliar application



		Fruiting vegetables

		tomato

		soil drench



		Root crops

		potato

		seed piece treatment /in-furrow application



		Oilseeds

		cotton

		foliar application



		Cereals

		rice

		foliar application /granular application





[bookmark: _Toc330564887][bookmark: _Toc331492070]All residue values given in mg/kg refer to parent equivalents if not indicated otherwise. The residue values were calculated using specific activities (MBq/mg or µCi.mg) based on the molecular weight of the parent compound.




B.7.1.1 		Metabolism in tomato (soil drench)

Metabolism studies in tomatoes were conducted with [furanone-4-14C]-, [pyridinylmethyl-14C]- , and [ethyl-1-14C]-BYI 02960.



		Reference:

		KIIA 6.2.1/01



		Report:

		Metabolism of [Furanone-4-14C]-BYI 02960 in tomatoes, K. Justus2011,.



		Report No.:

		MEF-11/016  

M-411352-01-2



		MRID:

		48843801



		Guidelines:

		OECD 501 Metabolism in Crops

US EPA Residue Chemistry Test Guideline OPPTS 860.1300: Nature of the Residue – Plants, Livestock

PMRA Regulatory Directive Dir98-02: Residue Chemistry Guidelines Section 2: Nature of the Residue – Plants, Livestock

Japanese MAFF, 12 Nousan 8147

European Parliament and Council Regulation (EC) No 1107/2009



		Testing Facility:

		Bayer CropScience AG

Development - Environmental Safety

Metabolism/ADME and Environmental Fate

40789 Monheim am Rhein, Germany



		Testing Facility Report No.:

		M1731902-3



		GLP:

		Yes



		Study reliability:

		Fully reliable







The purpose of the study was to investigate the metabolism of [furanone-4-14C]-BYI 02960 in tomatoes according to the maximum anticipated global use pattern. Four tomato plants were treated by soil drench application with [furanone-4-14C]-BYI 02960 formulated as an SL 200. The first application was performed at BBCH 15 (5th leaf on main shoot unfolded) and a second application at BBCH 51 (1st inflorescence visible and appearance of first bud). The single application rate corresponded to 300 g a.i./ha with a total seasonal application rate of  600 g a.i./ha.



B.7.1.1.1	Materials and methods



B.7.1.1.1.1	Crop



Three tomato plants (variety: Philona) were cultivated, each in a 30 L planting bucket with a surface diameter of 38 cm. The plants were cultivated in the greenhouse of the test facility (controlled temperature, humidity and light conditions).   The soil was characterized as “Einheitserde T”, pH (CaCl2) = 5.8, 85% white moor peat and 15% clay, enriched with water soluble nutrient salt mixture (ENS).  Plant maintenance (fertilization, protection, temperature range, light source, trimming) are described, but the watering technique is not provided.



B.7.1.1.1.2 Test Material 

		Chemical structure

		[image: ]

		





*	position of the 
	radiolabel



		Radiolabelled test material

		[Furanone-4-14C]-BYI 02960



		Specific radioactivity before radiodilution
Specific radioactivity after radiodilution

		3.94 MBq/mg (106.46 µCi/mg)
1.31 MBq/mg (35.50 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 99% (HPLC and TLC)







The supplied radiolabelled test compound [furanone-4-14C]-BYI 02960 was dissolved in acetonitrile. Radiodilution and formulation of the test compound was performed prior to the first and the second application: Therefore, an adequate portion of the non-radiolabelled test compound was dissolved in an adequate volume of the stock solution of the radiolabelled test compound. The solution was evaporated to dryness. The remainder was dissolved in an adequate amount of SL 200 blank formulation using a magnetic stirrer. Preparation of each application solution was done by dissolving the formulated test substance in water. The specific activity of each application solution was 1.31 MBq/mg (35.50 µCi/mg).



B.7.1.1.1.3	Application



The tomato plants were treated with SL 200 formulated [furanone-4-14C]-BYI 02960 by drench application. Two applications were performed, each at an application rate of 300 g a.i./ha. The first application was conducted at a growth stage of BBCH 15 (5th leaf on main shoot unfolded) and the second at a growth stage of BBCH 51 (first inflorescence visible and appearance of first bud). The interval between the two applications was 14 days. The aqueous application solution was poured into a circular furrow prepared in the soil around each tomato plant. At each application, a volume of 200 mL was applied in total, corresponding to 132.64 MBq or to 100.0 mg a.i. (= 25.0 mg a.i./plant). Based on a planting density of 12,000 tomato plants/ha in agricultural practice, the application rate corresponded to 300 g a.i./ha, which was anticipated to be the maximum single drench application rate in agricultural practice.



B.7.1.1.1.4	Sampling


When the plants reached growth  stage BBCH 61 (first flower of the first inflorescence open), the open flowers were sampled from one of the four tomato plants. The flowers were collected with their receptacles and were stored in a freezer (≤ -18°C) on the same day. Sampling of newly opened flowers was continued 2 - 3 times a week over a total period of approximately four weeks until end of flowering (at BBCH 69: nine or more inflorescences with open flowers). The PHI ranged from 6 to 30 days. The tomato plant, from which the flowers were cut, was sampled, cut into pieces and stored in a freezer (≤ -18°C) for optional metabolite investigations. The combined frozen flowers were homogenized with a high speed blender in liquid nitrogen (Polytron). The homogenised flower sample was stored in a freezer (≤ -18°C) until extraction.



When  the three remaining tomato plants reached growth  stage BBCH 81 (10% of fruits showed typical fully ripe colour), the ripe tomato fruits were harvested and were stored in a freezer (≤ ‑18°C). Harvesting of newly ripe fruits was continued 2 - 3 times a week over a total period of approx. three weeks until the plants produced no new fruits (at BBCH 89: fully ripe). The PHI ranged from 69 to 92 days.  The combined frozen fruits were cut into pieces and were homogenised with a high speed blender (Polytron). The homogenised tomato fruits samples were stored in portions in a freezer (≤ -18°C) until extraction.



B.7.1.1.1.5	Analytical procedures



The homogenised tomato flowers were extracted three times with a mixture of acetonitrile/water (8:2; v/v) and one time with a mixture of acetonitrile/water (1:1; v/v), and a portion of the homogenised tomato fruits was extracted four times with a mixture of acetonitrile/water (8:2; v/v) using a high speed blender (Polytron). After each extraction step, extracts and solids were separated by centrifugation. The radioactivity in the extracts was determined by LSC and in the solids by combustion followed by LSC. The actual TRR value of the RAC was determined by summing up the radioactivity measured in the extracts and in the remaining solids.



All tomato fruit extracts were combined and the first two tomato flower extracts were combined. The combined extracts were subjected to a clean-up step using a pre-conditioned SPE RP 18 cartridge (Phenomenex, Strata C18-E). The flow-through fraction (percolate) was collected and the cartridge was rinsed with acetonitrile/water (8:2; v/v) and methanol/dichloromethane (1:1; v/v). The percolate and the acetonitrile/water fraction were combined and concentrated by rotary evaporation in vacuo. 



Parent and metabolites in the concentrated extracts of fruits and flowers were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. In tomato fruits (RAC), the major components (parent and one major metabolite) were identified by co-chromatography with radiolabelled reference compounds using two independent chromatographic systems (reversed-phase HPLC and normal-phase TLC). Minor metabolites (residue levels ≤0.01 mg/kg) were identified only by HPLC co-chromatography.



In tomato flowers (additional plant matrix), parent was also identified by HPLC and TLC co-chromatography (two independent chromatographic systems) with an authentic reference compound. The minor metabolites (<10% of the TRR) were identified by HPLC comparison (comparison of HPLC profiles of tomato fruits and tomato flowers) and by HPLC co-chromatography. The conjugate BYI 02960-OH-glyc was additionally cleaved by alkaline hydrolysis and its corresponding aglycon was identified by HPLC co-chromatography.




B.7.1.1.2	Results and Discussion



B.7.1.1.2.1 	Total radioactive residues in plant samples



The total radioactive residues (TRR) in fruits and flowers were 0.096 mg/kg and 0.721 mg/kg, respectively (Table B.7.1.1-1). The major portion of radioactivity was extracted conventionally by acetonitrile/water mixtures (84.8% to 93.6% of the TRR) as shown in Table 7.1.1-2.



Table B.7.1.1-1:  Overall TRRs in Tomato Matrices Treated with [Furanone-4-14C]-BYI 02960



		Matrix

		Application Type

		Growth stage

		PHI (days)

		TRR (mg/kg)



		Fruits

		2 drench applications

600 g a.i./ha/season

		BBCH 81

		69

		0.096



		Flowers

		2 drench applications

600 g a.i./ha/season

		BBCH 61-69

		--

		0.721







B.7.1.1.2.2  Extraction and characterization of residues.



The distribution of the parent and metabolites is shown in Table 7.1.1-2.  In total, 79.2% and 93.7% of the TRR were identified in tomato fruits and flowers, respectively.



Table B.7.1.1-2:  TRR values and distribution of parent and metabolites in tomatoes (fruit 

and flowers) after drench application of [furanone-4-14C]-BYI 02960.

		Matrix

		Tomato fruits

		Tomato flowers



		TRR [mg/kg]  

		0.096

		0.721



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		35.9

		0.034

		77.9

		0.561



		glucose/carbohydrates

		27.5

		0.026

		---

		---



		difluoroethyl-amino-furanone

		10.3

		0.01

		9.2

		0.066



		OH-glyc

		5.5

		0.005

		6.6

		0.048



		Total identified

		79.2

		0.075

		93.7

		0.675



		unknown 1

		4.3

		0.004

		---

		---



		Total characterised

		4.3

		0.004

		<0.1

		<0.001



		Analyzed extract(s)

		83.5

		0.08

		93.6

		0.676



		Losses

		1.3

		0.001

		---

		---



		Total extracted

		84.8

		0.081

		93.6

		0.676



		Post-extraction solids (PES)

		15.2

		0.015

		6.4

		0.046



		Accountability

		100

		0.096

		100

		0.722








Parent was the main residue in both extracts (35.9% of the TRR in fruits; 77.9%  of the TRR in flowers) and was identified by HPLC and TLC co-chromatography (i.e. with two independent chromatographic systems) with an authentic reference compound.



In tomato fruits, two additional major metabolites (>10% of the TRR and >0.01 mg/kg) were detected: a polar fraction which was assigned to glucose (or isomeric carbohydrates) and BYI 02960-difluoroethyl-amino-furanone. The identity of the carbohydrate was elucidated by HPLC and TLC co-chromatography before and after derivatization with benzoyl chloride in pyridine. While correspondence with the reference compounds D-glucose and pentabenzoyl-D-glucose was clearly shown, the chromatographic methods were not considered selective enough to discriminate the configuration of the sugar moiety. Therefore, the isolated polar fraction was assigned more generally as glucose/carbohydrates. The metabolites BYI 02960-difluoroethyl-amino-furanone and BYI 02960-OH-glyc were only identified by HPLC co-chromatography since their residue levels were low (≤0.01 mg/kg). The configuration of the hexose in BYI 02960-OH-glyc was identified as D-glucose in the corresponding apple metabolism study due to the specific enzymatic treatment with ß-glucosidase.



The relatively high amount of unextracted radioactivity in the PES from the tomato fruit (0.015 mg/kg) compared to the unextracted residues in the fruits from the pyridinyl- and 1-ethyl-label studies (0.001 – 0.002 mg/kg) was probably due to incorporation of 14C units from the furanone ring into natural products.



In tomato flowers, the minor metabolites BYI 02960-difluoroethyl-amino-furanone and BYI 02960-OH-glyc were identified by HPLC comparison (comparison of HPLC profiles of tomato fruits and tomato flowers). For BYI 02960-difluoroethyl-amino-furanone, the assignment was additionally confirmed by HPLC co-chromatography. The conjugate BYI 02960-OH-glyc was cleaved by alkaline hydrolysis and the resulting aglycon BYI 02960-OH was identified by HPLC co-chromatography. 



B.7.1.1.2.3	Storage stability of residues



The extraction experiments and the first HPLC analyses of tomato fruits and flowers were performed no later than two months after harvest. HPLC chromatograms recorded at different times during the study showed that the profiles of the extracts did not change significantly during the analytical work up (including identification and characterization of metabolites), which did not exceed a period of 6 months.



B.7.1.1.3	Conclusion

[Furanone-4-14C]-BYI 02960 was metabolised moderately in tomatoes, with a major  portion of the parent not being metabolized.  Based on the metabolites identified the following metabolic routes were deduced:



· complete degradation of the furanone moiety and incorporation of carbon atoms into
the natural compound pool, e.g. into glucose/carbohydrates,

· cleavage of the pyridinylmethylamine bond and formation of BYI 02960-difluoroethylamino-furanone and

· hydroxylation of the methylene group of the furanone moiety followed by conjugation with glucose.



The following metabolic pathway is proposed.



Figure B.7.1.1-1:	Proposed metabolic pathway of [Furanone-4-14C]-BYI 02960 in tomatoes



[image: ]



		Reference:

		KIIA 6.2.1/02



		Report:

		Metabolism of [Pyridinylmethyl-14C]-BYI 02960 in tomatoes, K. Justus, 2011



		Report No.:

		MEF-11/182

M-411500-01-2



		MRID:

		48843802



		Guidelines:

		OECD 501 Metabolism in Crops

US EPA Residue Chemistry Test Guideline OPPTS 860.1300: Nature of the Residue – Plants, Livestock

PMRA Regulatory Directive Dir98-02: Residue Chemistry Guidelines Section 2: Nature of the Residue – Plants, Livestock

Japanese MAFF, 12 Nousan 8147

European Parliament and Council Regulation (EC) No 1107/2009



		Testing Facility:

		Bayer CropScience AG

Development - Environmental Safety

Metabolism/ADME and Environmental Fate

40789 Monheim am Rhein

Germany



		Testing Facility Report No.:

		M1731901-2



		GLP:

		Yes



		Study Reliability:

		Fully reliable










The purpose of this study was to investigate the metabolism of [pyridinylmethyl-14C]-BYI 02960 in tomatoes according to the maximum anticipated global use pattern. Four tomato plants were treated by soil drench application with [pyridinylmethyl-14C]-BYI 02960 formulated as an SL 200. The first application was performed at BBCH 15 (5th leaf on main shoot unfolded) and a second application at BBCH 51 (first inflorescence visible and appearance of first bud). The single application rate corresponded to 300 g a.i./ha with a total seasonal application rate of 600 g a.i./ha.



B.7.1.1.4	Materials and methods



B.7.1.1.4.1	Crop



Four tomato plants (variety: Philona) were cultivated, each in a 30 L planting bucket with a surface diameter of 38 cm. The plants were cultivated in a greenhouse (controlled temperature, humidity and light conditions). The soil was characterized as “Einheitserde T”, pH (CaCl2) = 5.8, 85% white moor peat and 15% clay, enriched with water soluble nutrient salt mixture (ENS).



B.7.1.1.4.2 Test Material



		Chemical structure

		[image: ]

		





*	position of the 
	radiolabel



		Radiolabelled test material

		[Pyridinylmethyl-14C]-BYI 02960



		Specific radioactivity before radiodilution
Specific radioactivity after radiodilution

		4.37 MBq/mg (118.08 µCi/mg)
1.46 MBq/mg (39.37 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 98% (HPLC and TLC)







The supplied radiolabelled test compound [pyridinylmethyl-14C]-BYI 02960 was dissolved in acetonitrile. Radiodilution and formulation of the test compound was performed prior to the first and the second application. Therefore, a portion of the non-radiolabelled test compound was dissolved in an adequate volume of the stock solution of the radiolabelled test compound. The solution was evaporated to dryness. The remainder was dissolved in an adequate amount of SL 200 blank formulation using a magnetic stirrer. Preparation of each application solution was done by dissolving the formulation in water. The specific activity of each application solution was 1.46 MBq/mg (39.37 µCi/mg).



B.7.1.1.4.3	Application



The tomato plants were treated with SL 200 formulated [pyridinylmethyl-14C]-BYI 02960 by drench application. Two applications were performed, each at an application rate of 300 g a.i./ha. The first application was conducted at a growth stage of BBCH 15 (5th leaf on main shoot unfolded) and the second at a growth stage of BBCH 51 (first inflorescence visible and appearance of first bud). The interval between the two applications was 14 days. The aqueous application solution was poured into a circular furrow prepared in the soil around each tomato plant. At each application, a total volume of 200 mL was applied, corresponding to 145.67 MBq or to 100.0 mg a.i. (= 25 mg a.i./plant). Based on a planting density of 12,000 tomato plants/ha in agricultural practice, the application rate corresponded to 300 g a.i./ha, which was anticipated to be the maximum single drench application rate in agricultural practice.



B.7.1.1.4.4	Sampling



When the plants reached growth  stage BBCH 61 (first flower of the first inflorescence open), the open flowers were sampled from one of the four tomato plants in order to determine the nature of the residues in flowers. The flowers were collected with their receptacles using scissors and were stored in a freezer (≤ -18°C) on the same day. Sampling of newly opened flowers was continued 2 - 3 times a week over a total period of approx. five weeks until the end of flowering (at BBCH 69: 9 or more inflorescences with open flowers).   The PHI ranged from 3 to 36 days. The tomato plant, from which the flowers were cut, was sampled, cut into pieces and stored in a freezer (≤ -18°C) for optional metabolite investigations. The frozen flowers were homogenized with a high speed blender in liquid nitrogen (Polytron). The homogenised flower sample was stored in a freezer (≤ -18°C) until extraction.



When  the three remaining tomato plants reached growth  stage BBCH 81 (10% of fruits showed typical fully ripe colour), the ripe tomato fruits were harvested and were stored in a freezer (≤ ‑18°C). Harvesting of newly ripe fruits was continued 2 - 3 times a week over a total period of approx. three weeks until the plants produced no new fruits (at BBCH 89: fully ripe).  The PHI ranged from 73 to 92 days.  The frozen fruits were cut into pieces and were homogenised with a high speed blender (Polytron). The homogenised tomato fruit samples were stored in portions in a freezer (≤ -18°C) until extraction.



B.7.1.1.4.5	Analytical procedures



The homogenised tomato flowers were extracted three times with a mixture of acetonitrile/water (8:2; v/v) and one time with a mixture of acetonitrile/water (1:1; v/v) and a portion of the homogenised tomato fruits was extracted four times with a mixture of acetonitrile/water (8:2; v/v) using a high speed blender (Polytron). After each extraction step, extracts and solids were separated by centrifugation. The radioactivity in the extracts was determined by LSC, in the solids by combustion followed by LSC. The actual TRR value of the RAC was determined by summing up the radioactivity measured in the extracts and in the remaining solids.



All tomato fruit extracts were combined, and the first two tomato flower extracts were combined. The combined extracts were subjected to a clean-up step using a pre-conditioned SPE RP 18 cartridge (Phenomenex, Strata C18-E). The flow-through fraction (percolate) was collected and the cartridge was rinsed with 100 mL of acetonitrile/water (8:2; v/v) and methanol/dichloromethane (1:1; v/v). The percolate and the acetonitrile/water fraction were combined and concentrated by rotary evaporation in vacuo. The concentrated extracts of fruits and flowers were analysed by HPLC.



Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Parent was identified in tomato fruits and flowers by reversed-phase HPLC co-chromatography using a radiolabelled reference compound. Confirmation of the assignment by a second chromatographic method was shown in the tomato study performed with [furanone-4-14C]-BYI 02960. The main metabolite in tomato fruits was identified by LC-MS/MS analysis after isolation of the compound by semi-preparative HPLC. An additional major metabolite was identified by HPLC co-chromatography with an authentic reference compound. Confirmation of the assignment by a second chromatographic method was not needed due to its low residue level. All minor metabolites detected in fruits or flowers were identified either by reversed-phase HPLC co-chromatography using authentic reference compounds or by HPLC comparison.



B.7.1.1.5	Results and Discussion



B.7.1.1.5.1	Total radioactive residues in plant samples.



At 3 to 36 days after the last application the flowers were sampled from one tomato plant and at 73 to 92 days after the last application the fruits were harvested from the remaining three tomato plants. The fruits and flowers were conventionally extracted four times with acetonitrile/water mixtures and 98.5% and 96.5% of the TRR were released, respectively. The overall TRR values are shown in the following table:



Table 7.1.1-3:	Overall TRRs in Tomato Matrices Treated with [Pyridinylmethyl-14C]-BYI 02960

		Matrix

		Application Type

		Growth stage

		PHI (days)

		TRR (mg/kg)



		Fruits

		2 drench applications

600 g a.i./ha/season

		BBCH 89

		73

		0.130



		Flowers

		2 drench applications

600 g a.i./ha/season

		BBCH 61

		--

		1.254







B.7.1.1.5.2	Extraction and characterization of residues



The distribution of the parent and metabolites is shown in Table B.7.1.1-4. In total, 86.3% and 96.5% of the TRR were identified in tomato fruits and flowers, respectively. 






Table B.7.1.1-4:  TRR values and distribution of parent and metabolites in tomatoes (fruit 

and flowers) after drench application of [Pyridinylmethyl-14C]-BYI 02960.



		Matrix

		Tomato fruits

		Tomato flowers



		TRR [mg/kg]  

		0.130

		1.254



		 (BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		24.2

		0.031

		66.2

		0.829



		6-CNA

		13.2

		0.017

		7

		0.087



		CHMP-di-glyc

		37.1

		0.048

		8

		0.1



		CHMP-glyc

		5.1

		0.007

		9.5

		0.119



		CHMP

		3.3

		0.004

		---

		---



		OH-glyc

		3.4

		0.004

		5.9

		0.073



		Total identified

		86.3

		0.111

		96.5

		1.208



		unknown 1

		5.5

		0.007

		---

		---



		unknown 2

		3.8

		0.005

		---

		---



		unknown 3

		3

		0.004

		---

		---



		Total characterised

		12.3

		0.016

		<0.1

		<0.001



		Analysed extract(s)

		98.5

		0.128

		96.5

		1.209



		Losses

		---

		---

		---

		---



		Total extracted

		98.5

		0.128

		96.5

		1.209



		Post-extraction solids (PES)

		1.5

		0.002

		3.5

		0.044



		Accountability

		100

		0.130

		100

		1.253







In tomato fruits, two major metabolites (>10% of the TRR and >0.01 mg/kg) were detected: BYI 02960-CHMP-di-glyc (main compound in fruits) and 6-CNA. BYI 02960-CHMP-di-glyc was identified by LC-MS/MS analysis after isolation by semi-preparative HPLC. The metabolite 6-CNA was identified by HPLC co-chromatography using an authentic reference compound, as were the minor metabolite BYI 02960-CHMP and its conjugate BYI 02960-CHMP-glyc. The configuration of the carbohydrate in the conjugate was assigned to D-glucose in accordance to the reference compound used. The minor metabolite BYI 02960-OH-glyc was identified after isolation with semi-preparative HPLC and chromatographic comparison with radiolabelled reference compounds. For chromatographic comparison an acidic reversed-phase HPLC method was used to ensure separation and differentiation from BYI 02960-acetic acid, a metabolite which was identified in the apple metabolism and confined rotational crops studies, and which co-eluted with BYI 02960-OH-glyc using the neutral profiling method.



In tomato flowers, the same metabolites were detected as in the fruits, with the exception of BYI 02960-CHMP, which was not detected. All metabolites represented less than 10% of the TRR and were identified by HPLC co-chromatography with authentic reference compounds or by HPLC comparison.



Parent was a major component in both matrices and represented 24.2% of the TRR in tomato fruits and 66.2% of the TRR in tomato flowers. In tomato fruits, the label-specific metabolite BYI 02960-CHMP-di-glyc was the main constituent (37.1% of the TRR), followed by parent and the label-specific metabolite 6-CNA (13.2% of the TRR). Additionally, three minor metabolites BYI 02960-CHMP-glyc (5.1% of the TRR), BYI 02960-OH-glyc (3.4% of the TRR) and BYI 02960-CHMP (3.3% of the TRR) were identified. In tomato flowers, parent represented the predominant portion besides four minor metabolites. The minor metabolites were identical with the metabolites identified in the tomato fruits, except for BYI 02960-CHMP, which was not present in flowers.



B.7.1.1.5.3	Storage stability of residues



The extraction experiments and the HPLC analyses of tomato fruits and flowers for quantitative evaluation were performed no later than 1.5 months after harvest. Extract stability was demonstrated by comparing the HPLC chromatograms recorded at different time points during the study. The profiles did not change significantly during the whole course of the study. It was therefore concluded, that the residues in the extracts were sufficiently stable during the experimental period of the study (which did not exceed a period of approx. 6 to 7 months in total) and that the chromatograms represented the metabolic pattern in the samples at harvest. 



B.7.1.1.6	Conclusion



[Pyridinylmethyl-14C]-BYI 02960 applied by drench to tomato plants was moderately metabolised.  The following metabolic routes were observed:

· cleavage of the pyridinylmethylamine bond followed by conjugation with carbohydrates or by oxidation of the methylene group to a carboxylic group, which were the major metabolic routes, and

· hydroxylation of the methylene group of the furanone moiety followed by conjugation with glucose, which was the minor metabolic route.



On the basis of the results of this study the following metabolic pathway is proposed.





Figure B.7.1.1-2.	Proposed metabolic pathway of [Pyridinylmethyl-14C]-BYI 02960 in tomatoes
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The purpose of the study was to investigate the metabolism of [Ethyl-1-14C]-BYI 02960 in tomatoes according to the maximum anticipated global use pattern. Three tomato plants were treated by soil drench application with [Ethyl-1-14C]-BYI 02960 formulated as an SL 200. The first application was performed at BBCH 14-15 (4th to 5th leaf on main shoot unfolded) and a second application at BBCH 51-59 (first to 9th inflorescence visible and appearance of first bud). The single application rate corresponded to 300 g a.i./ha with a total seasonal application rate of  600 g a.i./ha.

B.7.1.1.7	Materials and methods

B.7.1.1.7.1	Crop



Three tomato plants (variety: Philona) were cultivated each in a 30 L planting bucket with a surface diameter of 38 cm. The plants were cultivated in the greenhouse of the test facility (controlled temperature, humidity and light conditions).  The soil was characterized as “Einheitserde T”, pH (CaCl2) = 5.8, 85% white moor peat and 15% clay, enriched with water soluble nutrient salt mixture (ENS).



B.7.1.1.7.2 Test Material



		Chemical structure
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*	position of the 
	radiolabel



		Radiolabelled test material

		[Ethyl-1-14C]-BYI 02960



		Specific radioactivity before radiodilution
Specific radioactivity after radiodilution

		3.93 MBq/mg (106.28 µCi/mg)
1.31 MBq/mg (35.46 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 99% (HPLC and TLC)





The supplied radiolabelled test compound [Ethyl-1-14C]-BYI 02960 was dissolved in acetonitrile. Radiodilution and formulation of the test compound was performed prior to the first and the second application. Therefore, a portion of the non-radiolabelled test compound was dissolved in an adequate volume of the stock solution of the radiolabelled test compound. The solution was evaporated to dryness, and the remainder was dissolved in an adequate amount of SL 200 blank formulation using a magnetic stirrer. Preparation of each application solution was done by dissolving the formulation in water. The specific activity of each application solution was 1.31 MBq/mg (35.46 µCi/mg).

B.7.1.1.7.3	Applications

The tomato plants were treated with SL 200 formulated [Ethyl-1-14C]-BYI 02960 by drench application. Two applications were performed, each at an application rate of 300 g a.i./ha. The first application was conducted at a growth stage of BBCH 14-15 (4th to 5th leaf on main shoot unfolded) and the second at a growth stage of BBCH 51-59 (1st to 9th inflorescence visible and appearance of first bud). The interval between the two applications was 14 days. The aqueous application solution was poured into a circular furrow prepared in the soil around the tomato plant. At each application, a total volume of 150 mL was applied, corresponding to 98.50 MBq or to 75.1 mg a.i. (= 25 g a.i./plant). Based on a planting density of 12,000 tomato plants/ha in agricultural practice, the application rate was calculated as 300 g a.i./ha. The total rate corresponded to the anticipated maximum application rate in agricultural practice.

B.7.1.1.7.4	Sampling

When the plants reached growth  stage BBCH 61 (first flower of the first inflorescence open), the open flowers were sampled from one of the three tomato plants in order to determine the nature of the residues in flowers. The flowers were collected with their receptacles using scissors and were stored in a freezer (≤ -18°C) on the same day. Sampling of newly opened flowers was continued 2 - 3 times a week over a total period of approx. four weeks until end of flowering (at BBCH 69: 9 or more inflorescences with open flowers). The tomato plant, from which the flowers were cut, was sampled, cut into pieces and stored in a freezer (≤ -18°C) for optional metabolite investigations. The frozen flowers were homogenized with a high speed blender in liquid nitrogen (Polytron). The homogenised flower sample was stored in a freezer (≤ -18°C) until extraction.

When  the two remaining tomato plants reached growth  stage BBCH 81 (10% of fruits showed typical fully ripe colour), the ripe tomato fruits were harvested and were stored in a freezer (≤ ‑18°C) on the same day. Harvesting of newly ripe fruits was continued 2 - 3 times a week over a total period of approx. four weeks until the plants produced no new fruits (at BBCH 89: fully ripe). The frozen fruits were crushed and homogenised with a high speed blender (Polytron). The homogenised tomato fruits samples was stored in portions in a freezer (≤ -18°C) until extraction.



B.7.1.1.7.5	Analytical procedures

	

The homogenised tomato flowers and tomato fruits were extracted three times with a mixture of acetonitrile/water (8:2; v/v) using a high speed blender (Polytron). After each extraction step, extracts and solids were separated by centrifugation. The radioactivity in the extracts was determined by LSC, in the solids by combustion followed by LSC. The actual TRR value of the RAC was determined by summing up the radioactivity measured in the extracts and in the remaining solids.



The first two tomato fruit extracts were combined and as well the first two tomato flower extracts. The combined extracts were subjected to a clean-up step using a pre-conditioned SPE RP 18 cartridge (Phenomenex, Strata C18-E). The flow-through fraction (percolate) was collected and the cartridge was rinsed with 100 mL of acetonitrile/water (8:2; v/v) and methanol/dichloromethane (1:1; v/v). The percolate and the acetonitrile/water fraction were combined and concentrated by rotary evaporation in vacuo. The concentrated extract was analysed by HPLC.



Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Parent and metabolites were identified by co-chromatography with reference compounds or by comparison of chromatographic profiles. For identification of the label-specific main metabolite, three different stationary phases were used for TLC co-chromatography. Dissimilar TLC systems confirmed the assignment unambiguously.

B.7.1.1.8	Results and Discussion

B.7.1.1.8.1	Total radioactive residues in plant samples



The total radioactive residue (TRR) accounted for 0.201 mg/kg (in fruits), and 2.230 mg/kg (in flowers) as per Table B.7.1.1-5. The majority of the radioactivity was extracted conventionally by acetonitrile/water mixtures (98.3% to 99.4% of the TRR) as shown in Table B.7.1.1-6.



Table B.7.1.1-5:	Overall TRRs in Tomato Matrices Treated with [1-ethyl-1-14C]-BYI 02960

		Matrix

		Application Type

		Growth stage

		PHI (days)



		TRR (mg/kg)



		Fruits

		2 drench applications

600 g a.i./ha/season

		BBCH 81

		56

		0.201



		Flowers

		2 drench applications

600 g a.i./ha/season

		BBCH 69

		--

		2.230







The label-specific metabolite difluoroacetic acid (DFA) was the main residue in both extracts, followed by parent. Two additional minor metabolites (<5% of the TRR) were identified in tomato fruits and flowers: BYI 02960-difluoroethyl-amino-furanone and BYI 02960-OH-glyc. 



Parent was identified in tomato fruits and flowers by HPLC co-chromatography using a non-radiolabelled reference compound and by comparison of the metabolite profiles of all tomato studies conducted with BYI 02960 labelled in the different moieties of the molecule. In the tomato metabolism study with [furanone-4-14C]-BYI 02960, parent was additionally identified in tomato fruits and flowers by normal-phase TLC co-chromatography as different chromatographic technique. The main metabolite, difluoroacetic acid, was identified after semi-preparative isolation by TLC co-chromatography with an authentic reference compound. Two dissimilar systems (normal-phase and reversed-phase TLC) and one modified normal-phase system were applied. TLC co-chromatography, with three different stationary phases, showed chromatographic correspondence of the radioactivity in the isolated fraction with the radiolabelled reference compound difluoroacetic acid. In tomato flowers, this metabolite was identified by comparison of the HPLC profiles of fruits and flowers. 



The minor metabolite, BYI 02960-difluoroethyl-amino-furanone, was identified in tomato fruits by reversed-phase HPLC co-chromatography with a non-radiolabelled reference compound. This metabolite was identified in tomato flowers by comparison of the two profiles. The minor metabolite, BYI 02960-OH-glyc, was identified in tomato fruits and flowers by comparison of the HPLC-profile with a corresponding profile obtained in the tomato metabolism study performed with [furanone-4-14C]-BYI 02960. In the latter study, the metabolite BYI 02960-OH-glyc had been identified in tomato fruits by reversed-phase HPLC co-chromatography with a radiolabelled reference compound and additionally in tomato flowers by co-chromatography of the aglycon after alkaline hydrolysis with a non-radiolabelled reference compound. 



The TRR and the distribution of parent and metabolites in the extracts is shown in Table B.7.1.1-6.  A high proportion of the radioactivity (98.3% and 99.4% of the TRR) was identified in the tomato flowers and fruits, respectively. 






Table B.7.1.1-6	:  TRR values and distribution of parent and metabolites in tomatoes (fruit 

and flowers) after drench application of [Ethyl-1-14C]-BYI 02960.



		Matrix

		Tomato fruits

		Tomato flowers



		TRR [mg/kg]  

		0.201

		2.230



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		10

		0.020

		33

		0.736



		difluoroacetic acid

		86.6

		0.174

		59.8

		1.334



		difluoroethyl-amino-furanone

		2.2

		0.004

		3.1

		0.068



		OH-glyc

		0.6

		0.001

		2.4

		0.054



		Total identified

		99.5

		0.200

		98.3

		2.192



		Total characterized

		---

		---

		---

		---



		Analysed extract(s)

		99.5

		0.2

		98.3

		2.192



		Losses

		---

		---

		---

		---



		Total extracted

		99.5

		0.200

		98.3

		2.192



		Post-extraction solids (PES)

		0.5

		0.001

		1.7

		0.037



		Accountability

		100

		0.201

		100

		2.229







B.7.1.1.8.3	Storage stability of residues



The extraction experiments and the first HPLC analysis of the tomato fruits were performed within approx. 1.5 months after harvest. The time period between harvest and analysis was approx. 3 months for tomato flowers. Thus, no additional storage stability data are needed (OECD Guidance for the Testing of Chemicals 501 (2007)). 



All extracts were analysed on the next day after the start of extraction. Extract stability was demonstrated by comparing the HPLC chromatograms recorded at different times during the study. The profiles did not change significantly during the analytical work. In the corresponding tomato metabolism studies performed with [Pyridinylmethyl-14C]-BYI 02960 and [furanone-4-14C]-BYI 02960, it was shown that the profiles of tomato fruits and flowers extracts did not significantly change during a period of at least six months. It was therefore concluded, that the residues in the extracts were sufficiently stable during the experimental period of the study and that the chromatograms represented the metabolic pattern in the samples at harvest.

B.7.1.1.9	Conclusion

[Ethyl-1-14C]-BYI 02960 was metabolised extensively in the present study, with difluoroacetic acid found as the major component of the TRR on both flowers and fruits.  Based on the metabolites identified the following metabolic routes were observed:

· oxidative cleavage of the difluoroethylamine bond and formation of difluoroacetic acid,

· cleavage of the pyridinylamine bond, and formation of BYI 02960-difluoroethyl amino-furanone, and

· hydroxylation of the methylene group of the furanone moiety followed by conjugation with glucose.



The following metabolic pathway is proposed.



Figure B.7.1.1-3:	Proposed metabolic pathway of [Ethyl-1-14C]-BYI 02960 in tomatoes

[image: ]



B.7.1.1.10	Overall Conclusion forTomato (soil drench)



The metabolism of the insecticide BYI 02960 was investigated in tomato fruits and tomato flowers in three studies following two soil drench applications of: (1) [Furanone-4-14C]-BYI 02960, 
(2) [Pyridinylmethyl-14C]-BYI 02960 or (3) [Ethyl-1-14C]-BYI 02960. Total radioactive residues were  measured in fruits and flowers and metabolites identified or characterized are reported in Table B.7.11-7 and Table B.7.1.1-8.






Table B.7.1.1-7:  Summary of Identification/Characterization in Tomato Fruits Following Drench   

Application of Radiolabelled BYI  02960.

		Matrix

		Tomato fruits

		Tomato fruits

		Tomato fruits



		Radiolabel

		[Pyridinylmethyl-14C]

		[Furanone-4-14C]

		[1-ethyl-14C]



		TRR [mg/kg]  

		0.130

		0.096

		0.201



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		BYI 02960 (parent)

		24.2

		0.031

		35.9

		0.034

		10

		0.02



		6-CNA

		13.2

		0.017

		--

		--

		--

		--



		CHMP-di-glyc

		37.1

		0.048

		--

		--

		--

		--



		CHMP-glyc

		5.1

		0.007

		--

		--

		--

		--



		CHMP

		3.3

		0.004

		--

		--

		--

		--



		OH-glyc

		3.4

		0.004

		5.5

		0.005

		0.6

		0.001



		glucose/carbohydrates

		--

		--

		27.5

		0.026

		--

		--



		difluoroethyl-amino-furanone

		--

		--

		10.3

		0.01

		2.2

		0.004



		difluoroacetic acid

		--

		--

		--

		--

		86.6

		0.175



		Total identified

		86.3

		0.111

		79.2

		0.075

		99.4

		0.200



		Total characterised

		12.3

		0.016

		4.3

		0.004

		--

		--



		Analysed extract(s)

		98.5

		0.128

		83.5

		0.08

		99.5

		0.200



		Losses

		---

		---

		1.3

		0.001

		--

		--



		Total extracted

		98.5

		0.128

		84.8

		0.081

		99.5

		0.200



		Post-extraction solids 

		1.5

		0.002

		15.2

		0.015

		0.5

		0.001



		Accountability

		100

		0.130

		100

		0.096

		100

		0.201







Table B.7.1.1-8:  Summary of Identification/Characterization in Tomato Flowers Following Drench   

Application of Radiolabelled BYI  02960.

		Matrix

		Tomato flowers

		Tomato flowers

		Tomato flowers



		Radiolabel

		[Pyridinylmethyl-14C]

		[Furanone-4-14C]

		[1-ethyl-14C]



		TRR [mg/kg]  

		1.254

		0.721

		2.230



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		BYI 02960 (parent)

		66.2

		0.829

		77.9

		0.561

		33

		0.736



		6-CNA

		7.0

		0.087

		--

		--

		--

		--



		CHMP-di-glyc

		8.0

		0.1

		--

		--

		--

		--



		CHMP-glyc

		9.5

		0.119

		--

		--

		--

		--



		OH-glyc

		5.9

		0.073

		6.6

		0.048

		2.4

		0.054



		difluoroethyl-amino-furanone

		--

		--

		9.2

		0.066

		3.1

		0.068



		difluoroacetic acid

		--

		--

		--

		--

		59.8

		1.334



		Total identified

		96.6

		1.209

		93.7

		0.675

		98.3

		2.192



		Total characterised

		<0.1

		<0.001

		<0.1

		<0.001

		--

		--



		Analysed extract(s)

		96.7

		1.210

		93.8

		0.676

		98.3

		2.192



		Losses

		--

		--

		---

		---

		--

		--



		Total extracted

		96.7

		1.210

		93.8

		0.676

		98.3

		2.192



		Post-extraction solids 

		3.5

		0.044

		6.4

		0.046

		1.7

		0.037



		Accountability

		100

		1.254

		100

		0.722

		100

		2.229







On basis of the metabolites identified, transformation of BYI 02960 in tomato from soil drench application proceeds by the following pathways:

· oxidative cleavage of the difluoroethylamine bond and formation of difluoroacetic acid

· complete degradation of the furanone moiety and incorporation of carbon atoms into
the natural compound pool, e.g. into glucose/carbohydrates

· cleavage of the pyridinylmethylamine bond and formation of BYI 02960-difluoroethylamino-furanone and its corresponding counterpart BYI 02960-CHMP, which was either conjugated with carbohydrates or oxidised to 6-chloronicotinic acid (6-CNA)

· hydroxylation of the furanone moiety followed by conjugation with glucose



Figure B.7.1.1-4:	Positions involved in metabolic degradation of BYI 02960 in tomato fruits and flowers
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B.7.1.2		Metabolism in potato (seed piece treatment and in-furrow application) 



Metabolism studies in potatoes were conducted with [Furanone-4-14C]- and [Pyridinylmethyl-14C]-BYI 02960:



		Reference:

		KIIA 6.2.1/04



		Report:

		Metabolism of [Furanone-4-14C]-BYI 02960 in potatoes . K. Justus. 2011



		Report No 

		MEF-10/769
M-415234-01-2



		MRID:

		48843804



		Guidelines:

		OECD 501 Metabolism in Crops

US EPA Residue Chemistry Test Guideline OPPTS 860.1300: Nature of the Residue – Plants, Livestock

PMRA Regulatory Directive Dir98-02: Residue Chemistry Guidelines Section 2: Nature of the Residue – Plants, Livestock

Japanese MAFF, 12 Nousan 8147

European Parliament and Council Regulation (EC) No 1107/2009



		Testing facility:

		Bayer CropScience AG

Development - Environmental Safety

Metabolism/ADME and Environmental Fate

40789 Monheim am Rhein, Germany



		Testing Facility Report No.

		M1731845-9



		GLP

		yes



		Study reliability:

		Fully reliable







The purpose of the study was to investigate the metabolism of [Furanone-4-14C]-BYI 02960 in potatoes according to the maximum anticipated global use pattern using two different methods of application. In one experiment, the potato seed pieces were treated with [Furanone-4-14C]-BYI 02960 formulated as FS 480 at an application rate of 10.0 g a.i./dt (= 254 g a.i./ha, seed density 25 dt/ha). In the other experiment, [Furanone-4-14C]-BYI 02960, formulated as  SL 200, was sprayed in-furrow onto the soil at an application rate of 626 g a.i./ha (seed density 22 dt/ha) prior to planting of the potato seed pieces.  The potato tubers were harvested at maturity in both experiments.



B.7.1.2.1	Materials and methods



B.7.1.2.1.1	Crop



Two experiments were performed representing the intended application types (seed piece treatment and in-furrow application). Each experiment was conducted with three potato seed pieces (variety: Cilena) in a planting container with a surface area of 0.5 m2. The soil was Monheim 4” (sandy loam soil from Germany), pH (CaCl2) = 6.8, 69% sand, 18% silt and 13% clay, 1.2% organic carbon, cation exchange capacity (CEC) of 8.3 meq/100 g .  The plants were cultivated in the glass-roofed vegetation area of the test facility. The plants were grown similar to natural temperature and light conditions, but protected from rainfall. The plants were watered by pouring onto the soil in the planting containers. 






B.7.1.2.1.2	Test Material

		Chemical structure

		[image: ]

		





*	position of the 
	radiolabel



		Radiolabelled test material

		[Furanone-4-14C]-BYI 02960



		Specific radioactivity

		3.94 MBq/mg (106.46 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 99% (HPLC and TLC)







The supplied radiolabelled test compound [furanone-4-14C]-BYI 02960 was dissolved in acetonitrile. Formulation of the test compound was performed prior to the application. For both formulations (FS 480 and SL 200), adequate parts of this stock solution were transferred into special glass vials and evaporated to dryness. For the preparation of the FS 480 formulation, the blank formulation was added to the test item and was homogenized using a ball mill. Then, the mixture was suspended in water by stirring or swirling. For the preparation of the SL 200 formulation, the liquid blank formulation was added to the test item using a magnetic stirrer. The mixture was diluted with water to get the aqueous application solution.



B.7.1.2.1.3	Application



For the potato seed piece treatment experiment, three potato seed pieces were treated with a defined volume of the aqueous application suspension. The potatoes were placed in the furrows before application to prevent any loss of the application suspension. To ensure a uniform treatment, the potato seed pieces were treated on the upper side, allowed to dry, then turned and treated on the other side. The furrow was closed when the application suspension was dried on the potato seed pieces. A total volume of 763.2 μL was applied, corresponding to 50.2 MBq or to 12.7 mg a.i.. The actual seed treatment rate was 10.0 g a.i./dt, corresponding to 254 g a.i./ha with a seed density of 25 dt/ha.



For the in-furrow treatment experiment, a defined volume of the aqueous application solution was filled into the bottle of a hand pump sprayer. The application solution was sprayed onto the soil in the furrow. The empty pump sprayer was rinsed with 3 mL water, 0.5 mL of the rinse was sampled for radioactivity measurement and the rest of the rinse was sprayed onto the soil in the furrow. Three potato seed pieces were placed into the furrow and the furrow was closed. The empty pump sprayer was again rinsed with 3 mL water. The remaining radioactivity in the rinsing solution was determined by LSC. The losses were subtracted from the initial amount of radioactivity. An amount of 123.3 MBq or 31.3 mg a.i. was applied to the three potato seed pieces, corresponding to an actual application rate of 626 g a.i./ha with a seed density of 22 dt/ha.






B.7.1.2.1.4	Sampling



Potato tubers were sampled as raw agricultural commodity (RAC) from the seed piece treatment experiment and from the in-furrow treatment experiment at maturity of the potato plants (BBCH 97). The leaves and roots, as well as the remainders of the potato seed pieces, were sampled at the same time. 



The potato tubers were allowed to dry at room temperature for one night. Adhering soil was removed. The potato tuber samples from the two experiments were each washed with 1 L of water and the radioactivity in the wash water was determined. The potato tubers were cut into small cubes were randomized by shuffling and stored in a freezer (≤ -18°C) in aliquots.



The leaves and roots, as well as the remainders of the potato seed pieces, were cut into pieces, liquid nitrogen was added and the mixtures were homogenised using a high speed blender (Polytron PT6000). The powdered samples were stored in a freezer (≤ -18°C). 



B.7.1.2.1.5	Analytical procedures



The cut potato tubers of the seed piece treatment and the in-furrow treatment experiment were extracted three times with a mixture of acetonitrile/water (8:2; v/v) and one time with a mixture of acetonitrile/water (1:1; v/v) using a high speed blender (Polytron PT6000). The radioactivity in the extracts was determined by LSC and in the solids by combustion followed by LSC. The actual TRR value of the RAC was determined by summing up the radioactivity measured in the extracts and in the remaining solids. The first two extracts of each experiment were combined and subjected to a clean-up step using an SPE RP 18 cartridge (Phenomenex, Strata C18-E, 20 g), which was conditioned with acetonitrile. The flow-through fraction (percolate) was collected and the cartridge was rinsed with 100 mL of acetonitrile/water (8:2; v/v) and methanol/dichloromethane (1:1; v/v). The percolate and the acetonitrile/water fraction were combined and concentrated by rotary evaporation in vacuo for HPLC analysis. 



The remaining solids, after conventional extraction of the potato tubers in the in-furrow treatment experiment, were subjected two times to exhaustive extraction with acetonitrile/water (1:1; v/v) using a microwave-assisted extraction system (120°C for 20 min.). After each extraction step, extracts and solids were separated by centrifugation. The radioactivity in the extracts was determined by LSC, in the solids by combustion followed by LSC. The two extracts were combined and concentrated by rotary evaporation in vacuo for HPLC analysis. Exhaustive extraction of the solids of the seed piece treatment experiment was not conducted.



Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Parent and metabolites were identified by co-chromatography with reference compounds and/or by comparison with the HPLC profiles obtained in the potato metabolism study with [pyridinylmethyl-14C]-BYI 02960. 



B.7.1.2.2	Results and Discussion

B.7.1.2.2.1	Total radioactive residues in plant samples	

	

At harvest, the total radioactive residues (TRR) in potato tubers were low after seed piece treatment and after in-furrow application and accounted for 0.078 mg/kg and 0.171 mg/kg, respectively.   The PHI was 97 days.  The TRR values in the remaining plant parts (leaves, roots and remainders of the potato seed pieces) were considerably higher.   The TRR in plotato leaves and roots was 6.97 ppm for treated tubers and was 7.01 ppm for in-furrow application.  These plant parts were only sampled for optional analysis to support identification of metabolites, if needed.   



Table B.7.1.2-1:	Overall TRRs in Potato Matrices Treated with [Furanone-4-14C]-BYI 02960.

		Matrix

		Application Type

		Growth stage

		PHI (days)

		TRR (mg/kg)



		Water wash of tuber

		Potato seed piece treatment

		BBCH 97

		97

		0.003



		Potato tubers

		

		

		97

		0.078



		Potato leaves and roots

		

		

		97

		6.97



		Remainders seed potato

		

		

		97

		36.21



		Water wash of tuber

		In-furrow treatment

		BBCH 97

		0.005

		0.005



		Potato tubers

		

		

		97

		0.171



		Potato leaves and roots

		

		

		97

		7.01



		Remainders seed potato

		

		

		97

		3.43









B.7.1.2.2.2	Extraction and characterization of residues



Parent was the main residue in the extracts of both seed piece and in-furrow treatments. Two additional minor metabolites (<10% of the TRR and <0.01 mg/kg) were detected: BYI 02960-difluoroethyl-amino-furanone and BYI 02960-OH-glyc. The assignment of parent and metabolite BYI 02960-OH-glyc was based on the identification achieved in the potato study with [Pyridinylmethyl-14C]-BYI 02960 (see below). The HPLC profiles were compared and corresponding peaks were assigned. In the potato study with [Pyridinylmethyl-14C]-BYI 02960, all major metabolites were identified by co-chromatography with authentic reference compounds using two different chromatographic systems (HPLC and TLC), and minor metabolites were identified by HPLC co-chromatography. In the present study, the identification of parent (main constituent in the profile) was confirmed additionally by HPLC co-chromatography with an authentic reference compound. Co-chromatographic investigations were performed with the extracts obtained after seed piece treatment and after in-furrow application. The minor, label-specific metabolite BYI 02960-difluoroethyl-amino-furanone was identified by HPLC co-chromatography with an authentic reference compound in the tuber extract obtained after in-furrow application. In the profile of the seed piece treatment experiment, the metabolite was assigned by comparison of the two profiles.



A major portion of radioactivity in the potato tubers was extracted conventionally by acetonitrile/water mixtures (67.0% to 69.1% of the TRR) as shown in Table B.7.1.2.-2. Additionally, 6.3% of the TRR was released after exhaustive extraction of the remaining solids with a microwave-assisted system as shown for the in-furrow experiment. In total, 50.8% and 64.1% of the TRR were identified in potato tubers following seed piece treatment and in-furrow application, respectively. 






Table 7.1.2-2:	TRR values and distribution of parent and metabolites in potato tubers after seed piece treatment or in-furrow application of [Furanone-4-14C]-BYI 02960.

		Application

		Potato seed piece treatment

		In-furrow application



		Matrix

		Potato tubers

		Potato tubers



		TRR [mg/kg] 

		0.078

		0.171



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		40

		0.031

		50.6

		0.086



		difluoroethyl-amino-furanone

		4.2

		0.003

		2.9

		0.005



		OH-glyc

		6.6

		0.005

		4.4

		0.007



		Subtotal identified

		50.8

		0.039

		57.9

		0.098



		unknown 1

		7.2

		0.006

		5.5

		0.009



		unknown 2

		1.7

		0.001

		---

		---



		unknown 3

		2.4

		0.002

		1.9

		0.003



		unknown 4

		1.1

		0.001

		---

		---



		Subtotal characterised

		12.4

		0.01

		7.4

		0.012



		Conventional extracts losses

		3.9

		0.003

		3.8

		0.006



		Total conventional extraction

		67

		0.052

		69.1

		0.116



		Microwave extraction



		BYI 02960 (parent)

		---

		---

		6.2

		0.011



		Subtotal identified

		---

		---

		6.2

		0.011



		Microwave extracts losses

		---

		---

		<0.1

		<0.001



		Total microwave extraction

		----

		---

		6.3

		0.012



		Total identified

		50.8

		0.039

		64.1

		0.109



		Total characterised

		12.4

		0.01

		7.4

		0.013



		Analysed extract(s)

		63.2

		0.049

		71.5

		0.122



		Total Losses

		3.9

		0.003

		3.9

		0.007



		Total extracted

		67.1

		0.052

		75.4

		0.129



		Post-extraction solids (PES)

		33

		0.026

		24.7

		0.042



		Accountability

		100

		0.078

		100

		0.171







B.7.1.2.2.3	Storage stability



The conventional extractions and the first HPLC analyses of the potato tuber extracts were performed no later than three months after harvest. The extracts were analysed after two and four days following the start of extraction. The solids, after conventional extraction, were extracted with a microwave-assisted system and were analysed within five and a half months after harvest. According to OECD Guidance for the Testing of Chemicals 501 (2007), storage stability data are not necessary for samples analysed within 6 months of collection.  In addition, the extract stability was demonstrated by comparing the HPLC chromatograms recorded at different time points during the study. The profiles did not change significantly during the whole course of the study. The stability of extracts was demonstrated for parent and metabolites for at least two months which covers the time period of all analytical investigations including identification and characterisation of metabolites.



B.7.1.2.3	Conclusion



The  [Furanone-4-14C]-BYI 02960 was moderately metabolized in potatoes.  Parent was the predominant component of the residue, and no single identified metabolite exceeded 10% TRR.  Total identification was 51%-64% of the TRR with 25%-33% of the TRR remaining in the PES. The relatively high amounts of unextracted radioactivity in the PES from the furanone-label study (0.026 – 0.042 mg/kg) compared to the unextracted residues in the pyridinyl-label study (0.005 – 0.011 mg/kg) was probably due to incorporation of 14C units from the furanone ring into natural products.Based on the metabolites identified the following metabolic routes were deduced:

· hydroxylation of the methylene group of the furanone moiety followed by conjugation with glucose, and

· cleavage of the pyridinylmethylamine bond



Figure B.7.1.2-1:	Proposed metabolic pathway of [Furanone-4-14C]-BYI 02960 in potatoes
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		Metabolism of [Pyridinylmethyl-14C]-BYI 02960 in potatoes. K. Justus. 2011



		Report No 
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M-415078-01-2
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		Guidelines:
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		Testing Facility:

		Bayer CropScience AG

Development - Environmental Safety

Metabolism/ADME and Environmental Fate

40789 Monheim am Rhein, Germany



		Testing Facility Report No.:
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		GLP:

		Yes



		Study reliability:

		Fully reliable







The purpose of the study was to study the metabolism of [pyridinylmethyl-14C]-BYI 02960 in potatoes according to the maximum anticipated global use pattern. Two different methods of application were covered in this study. In one experiment, the potato seed pieces were treated with [Pyridinylmethyl-14C]-BYI 02960 formulated as FS 480 at an application rate of 10.0 g a.i./dt (= 270 g a.i./ha, seed density 27 dt/ha). In the other experiment, [Pyridinylmethyl-14C]-BYI 02960, formulated as SL 200, was sprayed in-furrow onto the soil at an application rate of 626 g a.i./ha (seed density 28 dt/ha) prior to planting of the potato seed pieces. The potato tubers were harvested at maturity in both experiments. Concurrently, the leaves and roots, as well as the remainders of the potato seed pieces, were sampled.



B.7.1.2.4	Materials and methods



B.7.1.2.4.1	Crop



Two experiments were performed representing the intended application types (seed piece treatment and in-furrow application). Each experiment was conducted with three potato seed pieces (variety: Cilena) in a planting container with a surface area of 0.5 m2. The soil was Monheim 4” (sandy loam soil from Germany), pH (CaCl2) = 6.8, 69% sand, 18% silt and 13% clay, 1.2% organic carbon, cation exchange capacity (CEC) of 8.3 meq/100 g, The plants were cultivated in the glass-roofed vegetation area of the test facility. The plants were grown similar to natural temperature and light conditions, but protected from rainfall. The plants were watered by pouring onto the soil in the planting containers. 

B.7.1.2.4.2	Test material

		Chemical structure

		[image: ]

		





*	position of the 
	radiolabel



		Radiolabelled test material

		[Pyridinylmethyl-14C]-BYI 02960



		Specific radioactivity

		4.37 MBq/mg (118.08 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 99% (HPLC and TLC)







The supplied radiolabelled test compound [Pyridinylmethyl-14C]-BYI 02960 was dissolved in acetonitrile. Formulation of the test compound was performed prior to the application. For both formulations (FS 480 and SL 200), adequate parts of this stock solution were transferred into special glass vials and evaporated to dryness. For the preparation of the FS 480 formulation, the blank formulation was added to the test item and was homogenized using a ball mill. Then, the mixture was suspended in water by stirring or swirling. For the preparation of the SL 200 formulation, the liquid blank formulation was added to the test item using a magnetic stirrer. The mixture was diluted with water to get the aqueous application solution.



B.7.1.2.4.3	Application



For the seed piece treatment experiment, the formulated test compound was applied to the potato seed pieces at a target rate of 10 g a.i./dt. For this purpose, three potato seed pieces were treated with a defined volume of the aqueous application suspension. The potatoes were placed in the furrows before application to prevent any loss of the application suspension. To ensure a regular treatment, the potato seed pieces were treated on the upper side, allowed to dry, then turned and treated on the other side. The furrow was closed when the application suspension was dried on the potato seed pieces. A total volume of 787.2 μL was applied, corresponding to 59.1 MBq or to 13.5 mg a.i.. The actual seed treatment rate was 10.0 g a.i./dt, corresponding to 270 g a.i./ha with a seed density of 27 dt/ha.



For the in-furrow treatment experiment, a defined volume of the aqueous application solution was filled into the bottle of a hand pump sprayer. The application solution was sprayed onto the soil in the furrow. The empty pump sprayer was rinsed with 3 mL water, 0.5 mL of the rinse was sampled for radioactivity measurement and the rest of the rinse was sprayed onto the soil in the furrow. Three potato seed pieces were placed into the furrow and the furrow was closed. The empty pump sprayer was again rinsed with 3 mL water. The remaining radioactivity in the rinsing solution was determined by LSC. The losses were subtracted from the initial amount of radioactivity. An amount of 136.6 MBq or 31.3 mg a.i. was applied to the three potatoes, corresponding to an actual application rate of 626 g a.i./ha, with a seed density of 28 dt/ha.



B.7.1.2.4.4	Sampling



Potato tubers were sampled as raw agricultural commodity (RAC) from the seed piece treatment experiment and from the in-furrow treatment experiment at maturity of the potato plants (BBCH 97). The PHI was 97 days.  The leaves and roots, as well as the remainders of the potato seed pieces were sampled at the same time to determine the TRR by combustion analysis. 



The potato tubers were allowed to dry at room temperature for one night. Adhering soil was removed. The potato tuber samples from the two experiments were each washed with 1 L of water and the radioactivity in the wash water was determined. The potato tubers were cut into small cubes and randomized by shuffling and stored in a freezer (≤ -18°C) in aliquots.



The leaves and roots as well as the remainders of the potato seed pieces were cut into pieces, liquid nitrogen was added and the mixtures were homogenised using a high speed blender (Polytron PT6000). The powdered samples were stored in a freezer (≤ -18°C). 



B.7.1.2.4.5	Analytical procedures

The cut potato tubers of the seed piece treatment and the in-furrow treatment experiment were extracted three times with a mixture of acetonitrile/water (8:2; v/v) and one time with a mixture of acetonitrile/water (1:1; v/v) using a high speed blender (Polytron PT6000). The radioactivity in the extracts was determined by LSC, in the solids by combustion followed by LSC. The actual TRR value of the RAC was determined by summing up the radioactivity measured in the extracts and in the remaining solids. The first two extracts were combined and subjected to a clean-up step using an SPE RP 18 cartridge (Phenomenex, Strata C18-E, 20 g), which was conditioned with acetonitrile beforehand. The flow-through fraction (percolate) was collected and the cartridge was rinsed with 100 mL of acetonitrile/water (8:2; v/v) and methanol/dichloromethane (1:1; v/v). The percolate and the acetonitrile/water fraction were combined and concentrated by rotary evaporation in vacuo for HPLC analysis. 



Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Major compounds (parent and one metabolite) were identified using two independent chromatographic systems (reversed-phase HPLC and normal-phase TLC). Minor metabolites (<10% of the TRR and representing <0.01 mg/kg) were identified by HPLC co-chromatography with authentic reference compounds or by HPLC comparison. 



The metabolite profiles of the potato tubers of the seed piece treatment and the in-furrow application experiments were very similar. Thus, identification of metabolites was performed either in the extract of the in-furrow application experiment or in the seed piece treatment experiment. Assignment of the according metabolite in the complementary experiment was completed by comparing the profiles.



The tuber extracts obtained in the potato metabolism study were additionally analysed for non-radiolabelled difluoroacetic acid by LC-MS/MS according to residue method 01304 (see KIIA 6.2./12).

B.7.1.2.5	Results and Discussion



B.7.1.2.5.1	Total radioactive residues in plant samples



At harvest, the total radioactive residues (TRR) in potato tubers were low after seed piece treatment and after in-furrow application and accounted for 0.076 mg/kg and 0.115 mg/kg, respectively (Table B.7.1.2-3). The TRR values in the remaining plant parts (leaves, roots and remainders of the potato seed pieces) were considerably higher. The TRR in potato leaves and roots was 8.40 ppm from seed piece treatment and was 12.44 ppm from in furrow application.  These plant parts were only sampled for optional analysis to support identification of metabolites, if needed.



Table B.7.1.2-3:  Overall TRRs in Potato Matrices Treated with [Pyridinylmethyl-14C]-BYI 02960

		Matrix

		Application Type

		Growth stage

		PHI (days)

		TRR (mg/kg)



		Water wash of tuber

		Potato seed piece treatment

		BBCH 97

		97

		0.002



		Potato tubers

		

		

		97

		0.076



		Potato leaves and roots

		

		

		97

		8.40



		Remainders seed potato

		

		

		97

		33.33



		
Water wash of tuber

		In-furrow treatment

		BBCH 97

		97

		0.004



		Potato tubers

		

		

		97

		0.115



		Potato leaves and roots

		

		

		97

		12.44



		Remainders seed potato

		

		

		97

		6.91









B.7.1.2.5.2	Extraction and characterization of residues



A high portion of radioactivity in the potato tubers was extracted conventionally by acetonitrile/water mixtures (90.4% to 93.4% of the TRR) as shown in Table B.7.1.2-4.  HPLC analysis of the extracts revealed that the metabolite profiles of the potato tubers after seed piece treatment and in-furrow application were similar. The metabolite patterns showed no significant difference, and the proportions of the compounds were nearly identical. Major components detected in the HPLC profiles (>10% of the TRR and >0.01 mg/kg) were parent and the metabolite BYI 02960-6-CNA. Both components were identified by co-chromatography with two different chromatographic systems. They were identified in the tuber extract of each experiment by reversed-phase HPLC and in the tuber extracts of the in-furrow treatment experiment by normal-phase TLC using radiolabelled reference compounds. The minor, label-specific metabolites BYI 02960-CHMP-glyc and BYI 02960-CHMP were identified by HPLC co-chromatography with non-radiolabelled reference compounds. The minor, label-specific metabolites BYI 02960-6-CNA-glycerol-gluA and BYI 02960-CHMP-di-glyc were identified by HPLC comparison. The HPLC profiles were compared to that of wheat straw of the 1st rotation of the confined rotational crops study and to that of tomato fruits of the tomato metabolism study. The metabolites had been identified with spectroscopic methods in these studies. 



The minor metabolite BYI 02960-OH-glyc was identified by HPLC co-chromatography after semi-preparative isolation. Co-chromatography was performed using an acidic reversed-phase HPLC method to ensure separation from BYI 02960-acetic acid, a metabolite co-eluting with BYI 02960-OH-glyc using the profiling method, as shown in the apple metabolism and the confined rotational crop studies. The configuration of the conjugated hexose of BYI 02960-OH-glyc was identified unambiguously as D-glucose in the apple metabolism study conducted with [Pyridinylmethyl-14C]-BYI 02960.

Table B.7.1.2-4: TRR values and distribution of parent and metabolites in potato 

tubers after seed piece treatment and in-furrow application of [Pyridinylmethyl-14C]-BYI 02960.

		Application

		Potato seed piece treatment

		In-furrow application



		Matrix

		Potato tubers

		Potato tubers



		TRR [mg/kg]  

		0.076

		0.115



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		40.2

		0.031

		44.1

		0.051



		6-CNA

		21.5

		0.016

		18.4

		0.021



		6-CNA-glycerol-gluA

		---

		---

		2.3

		0.003



		CHMP-di-glyc

		4.4

		0.003

		5.3

		0.006



		CHMP-glyc

		3.7

		0.003

		2.4

		0.003



		CHMP

		3.9

		0.003

		3.9

		0.004



		OH-glyc

		6.7

		0.005

		4.7

		0.005



		Total identified

		80.4

		0.061

		81.1

		0.093



		unknown 1

		1.9

		0.001

		---

		---



		unknown 2

		2.3

		0.002

		2.8

		0.003



		unknown 3

		5.1

		0.004

		3.0

		0.003



		Total characterised

		9.3

		0.007

		5.8

		0.007



		Analysed extract(s)

		89.7

		0.068

		86.7

		0.104



		Losses

		3.7

		0.003

		3.6

		0.004



		Total extracted

		93.4

		0.071

		90.5

		0.104



		Post-extraction solids (PES)

		6.6

		0.005

		9.6

		0.011



		Accountability

		100

		0.076

		100

		0.115







B.7.1.2.5.3	Storage stability



All extraction experiments and the first HPLC analyses were performed within three months after harvest of the potato tubers. The extracts were analysed after two and five days following the start of extraction. According to OECD Guidance for the Testing of Chemicals 501 (2007), storage stability data are not necessary for samples analysed within 6 months of collection. 



In addition, the extract stability was demonstrated by comparing the HPLC chromatograms recorded at different times during the study. The profiles did not change significantly during the whole course of the study. The stability of extracts was demonstrated for parent and metabolites for at least three months which covers the time period of all analytical investigations including identification and characterisation of metabolites.

B.7.1.2.6 	Conclusion

[Pyridinylmethyl-14C]-BYI 02960 was moderately metabolised in potatoes. Parent comprised about 40% of the TRR, and the major metabolite, 6-CNA, comprised about 20% of the TRR.   CHMP was a minor metabolite at 4% of the TRR.  The OH-glyc  was another minor metabolite at 5 – 7% of the TRR.Two metabolic routes were observed:

· cleavage of the pyridinylmethylamine bond followed by conjugation with carbohydrates or by oxidation of the methylene group to a carboxylic group and conjugation with carbohydrates or derivatives, which were the major metabolic routes, and

· hydroxylation of the methylene group of the furanone moiety followed by conjugation with glucose, which was the minor metabolic route.

Figure 7.1.2.6-1	:	Proposed metabolic pathway of [Pyridinylmethyl-14C]-BYI 02960 in potatoes

[image: ]



B.7.1.2.7:	Overall Conclusion for Potato (seed piece treatment and in-furrow application)



The metabolite profiles of all tuber extracts were very similar, and at harvest, the predominant portion was always parent BYI 02960 (Table B.7.1.2-5). For [Furanone-4-14C]-BYI 02960, parent and two minor metabolites were identified: BYI 02960-OH-glyc, a metabolite common to both radiolabels tested and BYI 02960-difluoroethyl-aminofuranone, a metabolite specific to the furanone-label. For  [Pyridinylmethyl-14C]-BYI 02960, only one major metabolite (6-CNA) was detected besides parent. Additionally, five other metabolites were identified: BYI 02960-OH-glyc, a metabolite common to both radiolabels tested, and the label-specific metabolites BYI 02960-CHMP, BYI 02960-CHMP-glyc, BYI 02960-CHMP-di-glyc and 6-CNA-glycerol-gluA. These metabolites or at least the aglycons were also detected in tomato fruits after soil application indicating a similarity of  metabolic degradation paths. Cleavage to form difluoroacetic acid would not be observed.  The presence of DFA was confirmed by analysis of samples for non-radiolabled DFA.  Please see B.7.16.








Table B.7.1.2-5:  Summary of Identification and Characterization in Potato Tubers Following Seed 

Piece Treatment and In-Furrow Application with Radiolabels.

		Application

		Potato seed piece treatment

		In-furrow application



		Radiolabel

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]



		Matrix

		Potato tubers

		Potato tubers

		Potato tubers

		Potato tubers



		TRR [mg/kg] 

		0.078

		0.076

		0.171

		0.115



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		BYI 02960 (parent)

		40

		0.031

		40.2

		0.031

		56.8

		0.097

		44.1

		0.051



		difluoroethyl-amino-furanone

		4.2

		0.003

		--

		--

		2.9

		0.005

		--

		--



		6-CNA

		--

		--

		21.5

		0.016

		--

		--

		18.4

		0.021



		6-CNA-glycerol-gluA

		---

		---

		

		

		--

		--

		2.3

		0.003



		CHMP-di-glyc

		--

		--

		4.4

		0.003

		--

		--

		5.3

		0.006



		CHMP-glyc

		--

		--

		3.7

		0.003

		--

		--

		2.4

		0.003



		CHMP

		--

		--

		3.9

		0.003

		--

		--

		3.9

		0.004



		OH-glyc

		6.6

		0.005

		6.7

		0.005

		4.4

		0.007

		4.7

		0.005



		Total identified

		50.8

		0.039

		80.4

		0.061

		64.1

		0.109

		81.1

		0.093



		Total characterised

		12.4

		0.01

		9.3

		0.007

		7.4

		0.013

		5.8

		0.007



		Total Losses

		3.9

		0.003

		3.7

		0.003

		3.9

		0.007

		3.6

		0.004



		Total extracted

		67.1

		0.052

		93.4

		0.071

		75.4

		0.129

		90.5

		0.104



		Post-extraction solids (PES)

		33

		0.026

		6.6

		0.005

		24.7

		0.042

		9.6

		0.011



		Accountability

		100

		0.078

		100

		0.076

		100

		0.171

		100

		0.115







On basis of the metabolites identified, biotransformation of BYI 02960 in potato proceeds by the following pathways:

· oxidative cleavage of the difluoroethylamine bond and formation of difluoroacetic acid (see B.7.1.6).

· cleavage of the pyridinylmethylamine bond and formation of BYI 02960-difluoroethylamino-furanone and its corresponding counterpart BYI 02960-CHMP, which was either conjugated with carbohydrates or oxidised to 6-chloronicotinic acid (6-CNA), which was conjugated as well

· hydroxylation of the furanone moiety followed by conjugation with glucose



The positions involved in the metabolic degradation are summarized in Figure B.7.1.2.-3.






Figure B.7.1.2-3:	Positions involved in metabolic degradation of BYI 02960 in potato tubers
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B.7.1.3 		Metabolism in apple (foliar application)



Metabolism studies in apples were conducted with [Furanone-4-14C]-, and [Pyridinylmethyl-14C]- BYI 02960.



		Reference:

		KIIA 6.2.1/06



		Report:

		Metabolism of [Furanone-4-14C]-BYI 02960 in apples. K. Justus.  2011



		Report  No.:

		MEF-11/499
M-422562-01-1



		MRID:

		48843806



		Guidelines:

		OECD 501 Metabolism in Crops

US EPA Residue Chemistry Test Guideline OPPTS 860.1300: Nature of the Residue – Plants, Livestock

PMRA Regulatory Directive Dir98-02: Residue Chemistry Guidelines Section 2: Nature of the Residue – Plants, Livestock

Japanese MAFF, 12 Nousan 8147

European Parliament and Council Regulation (EC) No 1107/2009



		Testing Facility:

		Bayer CropScience AG

Development - Environmental Safety

Metabolism/ADME and Environmental Fate

40789 Monheim am Rhein, Germany



		Testing Facility Report No.:

		M1731847-1



		GLP:

		yes



		Study reliability:

		Fully reliable







The purpose of the study was to investigate the metabolism of  [Furanone-14-4-C]-BYI 02960 formulated as an SL 200 formulation in apples after foliar spray application. In one experiment (single application experiment), two apple trees were treated at an actual application rate of 86 g a.i. per hectare and per meter canopy height (86 g a.i./(ha x m CH) or also referred to 86 g a.i./ha/m CH) at the end of flowering (BBCH 69). In another experiment, one apple tree was treated twice with 86 g a.i./(ha x m CH), one time at the end of flowering (BBCH 69) and a second time at 14 days before harvest. 



B.7.1.3.1	Materials and methods



 B.7.1.3.1.1	Crop

Three apple trees of the variety "James Grieve" were utilized . The apple trees had a canopy height (CH) 

of 0.5 m and were cultivated in the sandy loam soil "Monheim 4" (pH (CaCl2) = 6.8, 69% sand, 18% silt 

and 13% clay, 1.2% organic carbon, cation exchange capacity (CEC) of 8.3 meq/100 g, ) in a planting 

container with a surface area of 0.091 m2. The plants were grown in the glass-roofed vegetation area of 

the test facility which allows cultivation similar to natural temperature and light conditions, but protected 

from rainfall. The plants were watered according to their needs.



B.7.1.3.1.2	Test material

		Chemical structure

		[image: ]



		





*	position of the 
	radiolabel



		Radiolabelled test material

		[Furanone-14C]-BYI 02960



		Specific radioactivity before radiodilution
Specific radioactivity after radiovalidation

		3.94 MBq/mg (106.46 µCi/mg)
1.97 MBq/mg (53.24 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 99% (HPLC and TLC)







The test compound was formulated as SL 200. In order to prepare an appropriate stock solution, the supplied radiolabelled test compound [Furanone-4-14C]-BYI 02960 was dissolved in acetonitrile. Radiodilution and formulation of the test compound was performed prior to the first and the second application. An adequate portion of the non-radiolabelled test compound was dissolved in an adequate volume of the stock solution of the radiolabelled test compound. The solution was evaporated to dryness. The remainder was dissolved in an adequate amount of SL 200 blank formulation using a magnetic stirrer. Preparation of each application solution was done by dissolving the formulation in water. The specific activity of each application solution was 1.97 MBq/mg (53.24 µCi/mg).



B.7.1.3.1.3	Application



For single foliar spray application at BBCH 69 (end of flowering), two apple trees with a canopy height of 0.5 m were treated each with 10 mL of the aqueous application solution using a hand pump sprayer. Prior to the application, each apple tree was covered with a protective plastic wrap to prevent radioactivity spreading into the vegetation area. After application, the hand pump sprayer was rinsed with water and acetonitrile and the plastic wrap was rinsed with methanol. The radioactivity in the rinse solutions was determined and subtracted from the amount in the application solution. A total amount of 28.2 MBq was applied per tree, corresponding to 14.3 mg a.i. From a planting density of 3000 trees/ha an actual application rate of 86 g a.i./(ha x m CH, where m CH is meter canopy height) was calculated. 



For double foliar spray applications (BBCH 69 & 14 days before harvest), one apple tree with a canopy height of 0.5 m was treated for the first time with 10 mL of the aqueous application solution using a hand pump sprayer at the end of flowering (BBCH 69). A second application was performed at 14 days before harvest. Again, 10 mL of the aqueous application solution was applied. The hand pump sprayer and the protective plastic wrap were rinsed to determine the losses of radioactivity due to the application. A total amount of 28.2 MBq was applied at the first application and a total of 28.1 MBq was applied at the second application. Thus 14.3 mg a.i. were applied at each treatment. From a planting density of 3000 trees/ha a total application rate (comprising both applications) of 172 g a.i./(ha x m CH) was calculated. 



B.7.1.3.1.4	Sampling

Apple fruits of both experiments were sampled at maturity (BBCH 87- 89).  The PHI was 98 days for the single application and 14 days for the double application.  On the same day, the leaves were cut off the trees with scissors. The leaves were stored in a freezer (≤ -18°C) on the day of harvest until extraction.  Total apple weight was 3.12 kg from the single application experiment and 1.38 kg from the double application experiment.



All apple fruits of the single application experiment were cut into pieces, mixed and divided into aliquots. The apple aliquots were stored in a freezer (≤ -18°C) until needed for extraction. The apple fruits of the double application experiment were separated into two subsamples. Approx. one third of the whole apple fruit sample was stored in a freezer (≤ -18°C) on the day of harvest. The remaining whole fruits were stored overnight at room temperature. On the next day the apples were subjected to a surface wash with dichloromethane.



B.7.1.3.1.5	Analytical procedures

From the single application experiment, the apple pieces were extracted three times with a mixture of acetonitrile/water (8:2; v/v) and one time with a mixture of acetonitrile/water (1:1; v/v) using a high speed blender. The radioactivity in the extracts was determined by LSC and  in the solids (PES) by combustion followed by LSC. The actual TRR value of the RAC was determined by summing up the radioactivity measured in the extracts and in the remaining solids. 



All extracts were combined and subjected to a clean-up step using an SPE RP 18 cartridge (Phenomenex, Strata C18-E, 20 g), which was conditioned with acetonitrile beforehand. The flow-through fraction (percolate) was collected and the cartridge was rinsed with acetonitrile/water (8:2; v/v) and methanol/dichloromethane (1:1; v/v). The percolate and the acetonitrile/water fraction were combined and concentrated by rotary evaporation in vacuo. The pH value of the concentrate was adjusted to pH 7 with ammonium carbonate before chromatographic analysis by HPLC. The solids remaining after the conventional extraction steps were submitted two times to a microwave-assisted extraction step with acetonitrile/water (1:1; v/v). After each extraction step, extracts and solids were separated by centrifugation. The extracts were combined and concentrated by rotary evaporation in vacuo. 



Prior to HPLC analysis, an aliquot of the extract was treated with cellulase to reduce viscosity. Additionally, the solids remaining after microwave-assisted extraction were suspended in water and the mixture was concentrated by rotary evaporation in vacuo to remove acetonitrile. Cellulase was added and the mixture was stirred at room temperature for 3 days. The aqueous phase was separated by centrifugation and adjusted to pH 7 with ammonium carbonate for HPLC analysis.



From the double application experiment, the subsample of the whole apple fruits which was stored at room temperature was subjected to a surface wash with dichloromethane. An aliquot of the dichloromethane surface wash was dispersed with 5 mL of water by ultrasonic treatment. The dichloromethane was removed by a nitrogen stream and the remaining concentrate was analysed by HPLC. The washed apples were cut into pieces. The apples pieces were mixed, divided into aliquots and stored in a freezer (≤ -18°C). Extraction, purification and concentration of the extract were performed exactly as described for the single application experiment. The resulting sample was adjusted to pH 7 with ammonium carbonate for HPLC analysis.



Additionally, three whole apples of the double application experiment were extracted without prior surface wash. The frozen apples were crushed with a wooden hammer and homogenised under liquid nitrogen using a high speed blender. An aliquot of the apple mush was extracted for final analysis. Extraction, purification and concentration of the extract were performed exactly as described for the single application experiment. The resulting sample was adjusted to pH 7 with ammonium carbonate for HPLC analysis. 



Aliquots of the apple leaves of the single and double application experiment were conventionally extracted as described for the fruits of the single application experiment. The clean-up procedure and the concentration step were also identical with the one applied for the fruit samples. The resulting sample was adjusted to pH 7 with ammonium carbonate for HPLC analysis.



Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Identification of parent and metabolites common to both radiolabels was based on the metabolite profiles obtained in the apple metabolism study with [Pyridinylmethyl-14C]-BYI 02960 (see below). In this study parent and all metabolites common to both radiolabels were identified by two independent chromatographic methods (reversed-phase HPLC and normal-phase TLC) or by LC-MS/MS after semi-preparative isolation of the compounds. Thus assignment of compounds in the present study was possible by comparing the metabolite profiles.



The only major label-specific metabolite found in the current study was identified by TLC co-chromatography before and after derivatisation, whereas a minor label-specific metabolite was identified by HPLC co-chromatography with an authentic reference compound.



B.7.1.3.2 	Results and discussion



B.7.1.3.2.1	Total radioactive residues in plant samples

The TRR level in the apple fruits was 0.280 mg/kg in the single application experiment. In the double application experiment, the apple fruits had a TRR of 1.133 mg/kg (extraction including surface wash) and 1.286 mg/kg (extraction without surface wash). The TRR values of the apple leaves were high; 38.957 mg/kg were found in the leaves of the single application experiment and 102.919 mg/kg in the leaves of the double application experiment. Apple leaves were only sampled to support the identification of metabolites.  The overall TRR are reported in Table B.7.1.3-1.



Table B.7.1.3-1:	Overall TRRs in Apple Matrices Treated with [Furanone-4-14C]-BYI 02960

		Matrix

		Application Type

		Growth stage

		PHI (days)

		TRR (mg/kg)



		Apple fruits

		1 foliar application

86 g a.i./ha

		BBCH 87-89

		98

		0.280



		Apple leaves

		

		

		98

		38.957



		Apple fruits with surface wash

		2 foliar applications

172 g a.i./ha/season

		BBCH 87-89

		14

		1.133



		Apple fruits without surface wash

		

		

		14

		1.286



		Apple leaves

		

		

		14

		102.919









B.7.1.3.2.2	Extraction and characterization of residues

The radioactive residues were efficiently extracted with acetonitrile/water mixtures, including conventional and exhaustive extraction procedures (86.5% to 96.5% of the TRR) as shown in Table B.7.1.3-2 and Table B.7.1.3-3. The apple fruits of the double application experiment were additionally surface-washed with dichloromethane and then extracted conventionally with acetonitrile/water mixtures. A portion of 7.5% of the TRR was removed by surface wash and another portion of 81.9% was extracted conventionally indicating a good uptake of the product and its systemic behaviour.



HPLC analysis of the surface wash and the conventional extracts of apple fruits and leaves after both spray scenarios revealed that all metabolite profiles were very well comparable with those of the study conducted with [Pyridinylmethyl-14C]-BYI 02960 (see below). Thus, identification was performed generally by comparison of profiles.



The main compound in apple fruits of the single application experiment was the natural compound glucose (or a corresponding isomeric carbohydrate). It was also a major component in the in apple fruits of the double application experiment. It was isolated by semi-preparative HPLC and identified by TLC co-chromatography before and after derivatisation. 14C-glucose and 14C-pentabenzoyl-D-glucose were used as authentic reference compounds. While correspondence with these reference compounds had clearly been shown, the methods were not considered selective enough to discriminate the configuration of the sugar moiety. Therefore, this label-specific fraction has been assigned more generally as glucose/carbohydrates.



Parent was the main component in the extracts of apple fruits and leaves of the double application experiment. In the surface wash, parent was the predominating component. The high amount of parent may reflect the short PHI of 14 days. Assignment of parent was confirmed in the extracts and in the surface wash of apple fruits by HPLC co-chromatography.



All metabolites detected in the raw agricultural commodity fruit were minor metabolites (each <10% of the TRR). Identifications were assigned by comparison of profiles, if possible. Metabolites common to both radiolabels were identified as BYI 02960-acetic acid-glyc, BYI 02960-OH-glyc, BYI 02960-acetic acid, BYI 02960-difluoroethyl-OH-glyc,  and BYI 02960-OH.  Note that BYI 02960-difluoroethyl-OH-glyc was found only in apple leaves and that the position of the hydroxyl group was not determined (see Figure B.7.1.3.1-1)   The two metabolites BYI 02960-OH-glyc and BYI 02960-acetic acid co-eluted in one peak if analysed with the profiling method. Chromatographic separation was achieved with an acidic reversed-phase HPLC method in the apple metabolism study conducted with [Pyridinylmethyl-14C]-BYI 02960 (see below). The ratios, which had been determined for the two metabolites in the different matrices of that study, were assumed to apply to the profiles of the this study.



The label-specific metabolite BYI 02960-difluoroethyl-amino-furanone was identified in the extract of apple fruits of the double application experiment by HPLC co-chromatography with a non-radiolabelled reference compound. BYI 02960-difluoroethyl-amino-furanone and glucose/carbohydrates were assigned in the other extracts of the apple matrices by comparison of the HPLC profiles.



The relatively high amounts of unextracted radioactivity in the PES of the apple fruits from the furanone-label study (0.038 – 0.104 mg/kg) compared to the unextracted residues in the pyridinyl-label study (0.005 – 0.015 mg/kg) was probably due to incorporation of 14C units from the furanone ring into natural products.



In total, 83.4% to 92.8% of the TRR were identified in the apple fruits and 79.9% to 87.5% in apple leaves, respectively as summarised in Table B.7.1.3-2  and Table B.7.1.3-3. 






Table B.7.1.3-2 : TRR values and distribution of parent and metabolites in apple 

fruits and leaves after a single foliar treatment of [Furanone-4-14C]-BYI 02960.

		Application

		Single application



		Matrix

		Apple fruits

		Apple leaves



		TRR [mg/kg] 

		0.280

		38.957



		(BYI 02960-) Equivalents 

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		7.4

		0.021

		26

		10.138



		glucose/carbohydrates

		50.3

		0.141

		2.5

		0.991



		acetic acid-glyc

		0.3

		0.001

		6.4

		2.486



		OH-glyc

		0.4

		0.001

		36.1

		14.062



		acetic acid

		0.2

		0.001

		2.5

		0.956



		difluoroethyl-OH-glyc

		---

		---

		5.8

		2.264



		OH

		---

		---

		0.6

		0.244



		Subtotal identified

		58.7

		0.164

		79.9

		31.141



		unknown 1

		---

		---

		0.3

		0.12



		unknown 3

		---

		---

		1.7

		0.646



		unknown 4

		---

		----

		---

		---



		unknown 5

		---

		---

		2.6

		1.002



		unknown 6

		---

		---

		1.6

		0.609



		unknown 7

		---

		---

		1.5

		0.578



		unknown 8

		---

		---

		4.9

		1.895



		Subtotal characterised

		---

		---

		14

		5.463



		Conventional extracts losses

		1.1

		0.003

		0.3

		0.121



		Total conventional extraction

		59.8

		0.168

		80.2

		31.262



		Microwave extraction



		glucose/carbohydrates

		6.4

		0.018

		 

		 



		difluoroethyl-amino-furanone

		1

		0.003

		 

		 



		Subtotal identified

		7.5

		0.021

		 

		 



		unknown 2

		2

		0.005

		 

		 



		Subtotal characterised

		2

		0.005

		 

		 



		Microwave extracts losses

		<0.1

		<0.001

		 

		 



		Total microwave extraction

		9.6

		0.027

		---

		---



		Cellulase digestion



		glucose/carbohydrates

		15

		0.042

		 

		 



		difluoroethyl-amino-furanone

		2.2

		0.006

		 

		 



		Subtotal identified

		17.2

		0.048

		 

		 



		Subtotal characterised

		---

		---

		 

		 



		Total cellulase extraction

		17.2

		0.048

		---

		---



		Total identified

		83.4

		0.234

		79.9

		31.141



		Total characterised

		2

		0.005

		14

		5.463



		Analysed extract(s)

		88.5

		0.239

		93.9

		36.604



		Total Losses

		1.1

		0.003

		0.3

		0.121



		Total extracted

		86.5

		0.242

		94.2

		36.725



		Post-extraction solids (PES)

		13.5

		0.038

		5.7

		2.232



		Accountability

		100

		0.280

		100

		38.957












Table B.7.1.3-3:  TRR values and distribution of parent and metabolites in apple fruits and leaves after two foliar treatments of [Furanone-4-14C]-BYI 02960.

		Application

		Double application experiment



		Matrix

		Apple fruits with surface wash

		Apple fruits without surface wash

		Apple leaves



		TRR [mg/kg] 

		1.133

		1.286

		102.919



		(BYI 02960-) Equivalents 

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Surface wash



		parent

		6.7

		0.076

		 ---

		 ---

		 ---

		 ---



		glucose/carbohydrates

		0.2

		0.002

		 ---

		 ---

		 ---

		 ---



		OH-glyc

		0.2

		0.002

		 ---

		 ---

		 ---

		 ---



		acetic acid

		0.1

		0.001

		 ---

		 ---

		 ---

		 ---



		OH

		0.1

		0.001

		 ---

		 ---

		 ---

		 ---



		Subtotal identified

		7.3

		0.082

		 ---

		 ---

		 ---

		 ---



		unknown 8

		<0.1

		<0.001

		 ---

		 ---

		 ---

		 ---



		unknown 9

		0.3

		0.003

		 ---

		 ---

		 ---

		 ---



		Subtotal characterised

		0.4

		0.004

		 ---

		 ---

		 ---

		 ---



		Total surface wash

		7.7

		0.086

		 ---

		 ---

		 ---

		 ---



		Conventional extraction



		parent

		64.7

		0.733

		73.6

		0.946

		57.9

		59.547



		glucose/carbohydrates

		13.6

		0.154

		14.2

		0.182

		3.6

		3.687



		difluoroethyl-amino-furanone

		 

		 

		0.2

		0.003

		0.7

		0.736



		acetic acid-glyc

		0.8

		0.009

		0.5

		0.007

		4.2

		4.274



		OH-glyc

		1

		0.012

		1.1

		0.014

		17.3

		17.856



		acetic acid

		0.6

		0.007

		0.7

		0.009

		1.2

		1.214



		difluoroethyl-OH-glyc

		---

		---

		---

		---

		2.1

		2.118



		OH

		0.9

		0.01

		0.8

		0.01

		0.6

		0.63



		Subtotal identified

		81.6

		0.925

		91.1

		1.171

		87.6

		90.062



		unknown 1

		 ---

		 ---

		 ---

		 ---

		0.6

		0.646



		unknown 3

		 ---

		 ---

		 ---

		 ---

		0.5

		0.474



		unknown 4

		 ---

		 ---

		 ---

		 ---

		0.5

		0.53



		unknown 5

		 ---

		 ---

		 ---

		 ---

		1.9

		1.96



		unknown 6

		 ---

		 ---

		 ---

		 ---

		0.8

		0.851



		unknown 7

		 ---

		 ---

		 ---

		 ---

		0.5

		0.501



		unknown 8

		 ---

		 ---

		 ---

		 ---

		2.5

		2.609



		unknown 9

		 ---

		 ---

		0.1

		0.002

		1.2

		1.21



		Subtotal characterised

		--

		--

		0.1

		0.002

		8.5

		8.781



		Conventional extraction losses

		0.3

		0.003

		0.7

		0.009

		0.4

		0.436



		Total conventional extraction

		82.2

		0.931

		91.9

		1.182

		96.5

		99.28



		Cellulase digestion



		glucose/carbohydrates

		3.3

		0.037

		 

		 

		 

		 



		difluoroethyl-amino-furanone

		0.6

		0.007

		 

		 

		 

		 



		Subtotal identified

		3.9

		0.044

		 

		 

		 

		 



		Total cellulase extraction

		3.9

		0.044

		---

		---

		---

		---



		Total identified

		92.8

		1.051

		91.1

		1.171

		87.5

		90.063



		Total characterised

		0.7

		0.007

		0.1

		0.002

		8.5

		8.781



		Analysed extract(s)

		93.5

		1.058

		91.2

		1.173

		96

		98.844



		Total Losses

		0.3

		0.003

		0.7

		0.009

		0.4

		0.436



		Total extracted

		93.8

		1.061

		91.9

		1.182

		96.4

		99.28



		Post-extraction solids (PES)

		6.7

		0.076

		8.1

		0.104

		3.5

		3.639



		Accountability

		100

		1.137

		100

		1.286

		100

		102.919



		

		

		

		

		

		

		



		

		

		

		

		

		

		





B.7.1.3.2.3 	Storage stability

All extraction and surface wash experiments and the first HPLC analyses of the apple fruits were performed within 4 months after harvest. The extraction experiments and the first HPLC analyses of the apple leaves were also performed within 4 months after harvest. Thus, no additional tests are necessary to prove the stability of the relevant residues in frozen matrices. The extracts were analysed after 1 to 6 days following start of extraction and the surface wash were analysed 14 days after washing.



Comparison of the HPLC chromatograms recorded at different times during the study showed that the profiles of the extracts did not change significantly during the analytical work up, which did not exceed approx. nine months.



B.7.1.3.3	Conclusion

The residue was primarily parent in the double application experiment, and the metabolite pattern was very similar in both experiments.

Four major metabolic routes of [Furanone-4-14C]-BYI 02960 were observed in apples:

· hydroxylation of the furanone or the difluoroethyl moiety followed by conjugation with carbohydrates, 

· complete degradation of the furanone moiety and incorporation of carbon atoms into the natural compound pool, i.e. into glucose/carbohydrates,

· oxidative degradation of the furanone moiety to an acetic acid group followed by conjugation with a carbohydrate, and 

· cleavage of the pyridinylmethylamine bond.





Figure B.7.1.3.3-1:	Proposed metabolic pathway of [Furanone-4-14C]-BYI 02960 in apples
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The purpose of the study was to investigate the metabolism of [Pyridinylmethyl-14C]-BYI 02960 formulated as an SL 200 formulation in apples after foliar spray application. In one experiment (single application experiment), two apple trees were treated at an actual application rate of 87 g a.i./ha per meter canopy height (87 g a.i./(ha x m CH)) at the end of flowering (BBCH 69). In another experiment, one apple tree was treated two times, one time at an actual application rate of 87 g a.i./(ha x m CH) at the end of flowering (BBCH 69) and a second time at an application rate of 85 g a.i./(ha x m CH) at 14 days before harvest.



B.7.1.3.4	Materials and methods.



B.7.1.3.4.1	Crop



A total of three apple trees of the variety "James Grieve" were utilized. The apple trees had a canopy height (CH) of 0.5 m and were cultivated in the sandy loam soil "Monheim 4" ( pH (CaCl2) = 6.8, 69% sand, 18% silt and 13% clay, 1.2% organic carbon, cation exchange capacity (CEC) of 8.3 meq/100 g),  in a planting container with a surface area of 0.091 m2. The plants were grown in the glass-roofed vegetation area of the test facility which allows cultivation similar to natural temperature and light conditions, but protected from rainfall. The plants were watered according to their needs.






B.7.1.3.4.2	Test material

		Chemical structure

		[image: ]

		





*	position of the 	radiolabel



		Radiolabelled test material

		[Pyridinylmethyl-14C]-BYI 02960



		Specific radioactivity before radiodilution
Specific radioactivity after radiodilution

		4.37 MBq/mg (118.08 µCi/mg)
2.18 MBq/mg (58.92 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 98% (HPLC and TLC)







The supplied radiolabelled test compound [Pyridinylmethyl-14C]-BYI 02960 was dissolved in acetonitrile. Radiodilution and formulation of the test compound was performed prior to the first and the second application.  An adequate portion of the non-radiolabelled test compound was dissolved in an adequate volume of the stock solution of the radiolabelled test compound. The solution was evaporated to dryness. The remainder was dissolved in an adequate amount of SL 200 blank formulation using a magnetic stirrer. Preparation of each application solution was done by dissolving the formulation in water. The specific activity of each application solution was 2.18 MBq/mg (58.92 µCi/mg).



B.7.1.3.4.3	Application



For the single foliar spray application (BBCH 69, end of flowering), two apple trees with a canopy height of 0.5 m were treated each with 10 mL of the aqueous application solution using a hand pump sprayer. Prior to the application, each apple tree was covered with a protective plastic wrap to prevent radioactivity spreading into the vegetation area. After application, the hand pump sprayer was rinsed with water and acetonitrile and the plastic wrap was rinsed with methanol. The radioactivity in the rinse solutions was determined and subtracted from the amount in the application solution. A total amount of 31.5 MBq was applied per tree, corresponding to 14.5 mg a.i.  From a planting density of 3000 trees/ha an actual application rate of 87 g a.i./(ha x m CH) was calculated



For the double foliar spray application (BBCH 69 & 14 days before harvest), one apple tree with a canopy height of 0.5 m was treated for the first time with 10 mL of the aqueous application solution using a hand pump sprayer at the end of flowering (BBCH 69). A second application was performed at 14 days before harvest.  Again, 10 mL of the aqueous application solution was applied. As described above, the hand pump sprayer and the protective plastic wrap were rinsed to determine the losses of radioactivity due to the application. A total amount of 31.5 MBq was applied at the first application (14.5 mg a.i.) and 30.9 MBq were applied at the second application (14.2 mg a.i.). From a planting density of 3000 trees/ha, a total application rate (comprising both applications) of 172 g a.i./(ha x m CH) was calculated.  






B.7.1.3.4.4	Sampling

Apple fruits of both experiments were sampled at maturity (BBCH 87- 89), with a PHI of 98 days for one treatment and a PHI of 14 days for two treatments. On the same day, the leaves were cut off the trees with scissors. The leaves were stored in a freezer (≤ -18°C) on the day of harvest until extraction.



All apple fruits of the single application experiment were cut into pieces, mixed and divided into aliquots. The apple aliquots were stored in a freezer (≤ -18°C) until needed for extraction. The apple fruits of the double application experiment were separated into two subsamples. Approx. one third of the whole apple fruits was stored in a freezer (≤ -18°C) on the day of harvest. The remaining whole fruits were stored overnight at room temperature. On the next day the apples were subjected to a surface wash with dichloromethane.



B.7.1.3.4.5	Analytical procedures

For the single application experiement, the apple pieces were extracted sequentially three times with a mixture of acetonitrile/water (8:2; v/v) and one time with a mixture of acetonitrile/water (1:1; v/v) using a high speed blender. The radioactivity in the extracts was determined by LSC and in the solids by combustion followed by LSC. The TRR value of the RAC was determined by summing up the radioactivity measured in the extracts and in the remaining solids. The first two extracts were combined and subjected to a clean-up step using an SPE RP 18 cartridge (Phenomenex, Strata C18-E, 20 g), which was conditioned with acetonitrile beforehand. The flow-through fraction (percolate) was collected and the cartridge was rinsed with acetonitrile/water (8:2; v/v) and methanol/dichloromethane (1:1; v/v). The percolate and the acetonitrile/water fraction were combined and concentrated by rotary evaporation in vacuo. The pH value of the concentrate was adjusted to pH 7 with ammonium carbonate before chromatographic analysis by HPLC. 



For the double application experiment, the subsample of the whole apple fruits which was stored at room temperature was subjected to a surface wash with dichloromethane. An aliquot of the dichloromethane surface wash was dispersed with 1 mL of water by ultrasonic treatment. The dichloromethane was removed by a nitrogen stream and the remaining concentrate was analysed by HPLC. The washed apples were cut into pieces. The apples pieces were mixed, divided into aliquots and stored in a freezer (≤ -18°C). Extraction, purification and concentration of the extract were performed exactly as described for the single application experiment. The resulting sample was adjusted to pH 7 with ammonium carbonate for HPLC analysis.



Additionally, three whole apples of the double application experiment were extracted without prior surface wash. The frozen apples were crushed with a wooden hammer and homogenised under liquid nitrogen using a high speed blender. An aliquot of the apple mush was extracted for final analysis. Extraction, purification and concentration of the extract were performed exactly as described for the single application experiment. The resulting sample was adjusted to pH 7 with ammonium carbonate for HPLC analysis. 



Aliquots of the apple leaves of the single and double application experiment were extracted as described for the fruits of the single application experiment. The clean-up procedure and the concentration step were also identical with the one applied for the fruit samples. The resulting sample was adjusted to pH 7 with ammonium carbonate for HPLC analysis.



Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Generally, major metabolites were identified by two independent chromatographic methods (reversed-phase HPLC and normal-phase TLC) or by LC-MS/MS after semi-preparative isolation of the compounds.



Since the profiles of the apple leaves showed higher levels of metabolites than the profiles of apple fruits (in terms of mg/kg), several metabolites were isolated with semi-preparative HPLC from the extract of apple leaves of the single treatment experiment. The isolated compounds were identified with spectroscopic methods.  The isolated and identified metabolites were furthermore used as reference compounds for co-chromatographic identification of metabolites in apple fruits. Other minor metabolites (<10% of the TRR and representing <0.01 mg/kg in edible commodities) were identified by HPLC co-chromatography with authentic reference compounds or by HPLC comparison.



B.7.1.3.5	Results and discussion



B.7.1.3.5.1	Total radioactive residues in plant samples



The TRR level in the apple fruits was 0.079 mg/kg following a single application. In the double application experiment, the apple fruits had a TRR of 1.868 mg/kg (extraction including surface wash) and 0.545 mg/kg (extraction without surface wash).  The TRR values of the apple leaves were high: 56.715 mg/kg were found in the leaves of the single application experiment and 134.841 mg/kg in the leaves of the double application experiment. Apple leaves were only sampled to support the identification of metabolites.



Table B.7.1.3-4:  Overall TRRs in Apple Matrices Treated with [Pyridinylmethyl-14C]-BYI 02960

		Matrix

		Application Type

		Growth stage

		PHI (days)

		TRR (mg/kg)



		Apple fruits

		1 foliar application

87 g a.i./ha

		BBCH 87-89

		98

		0.079



		Apple leaves

		

		

		98

		56.715



		Apple fruits with surface wash

		2 foliar applications

172 g a.i./ha/season

		BBCH 87-89

		14

		1.868



		Apple fruits without surface wash

		

		

		14

		0.545



		Apple leaves

		

		

		14

		134.841







	




B.7.1.3.5.2	Extraction and characterization of residues

The main portion of radioactivity in the apple fruits and leaves was extracted conventionally by acetonitrile/water mixtures (94.2% to 99.1% of the TRR) as shown in Table B.7.1.3-7 and Table B.7.1.3-8. The apple fruits of the double application experiment were additionally surface-washed with dichloromethane and then extracted conventionally with acetonitrile/water mixtures. A portion of 11.0% of the TRR was removed by surface wash and another portion of 88.2% was extracted conventionally.



HPLC analysis of the surface wash and the conventional extracts of apple fruits and leaves after both spray scenarios revealed that all metabolite profiles were very comparable. Thus, identification was performed generally in the fruit or leaf extract of the single application experiment and metabolites were assigned in the other extracts (including the surface wash) by comparison.



The main compound in apple fruits and leaves of the single and the double application experiment was parent. It was identified in the extracts of apple fruits of both experiments and in the extract of apple leaves of the single application experiment by HPLC co-chromatography with a radiolabelled reference compound. For confirmation, parent was additionally identified in the extract of apple fruits of the single application experiment by TLC co-chromatography on silica gel.



All other metabolites detected in the raw agricultural commodity fruit were minor metabolites. They did not exceed 10% of the TRR in the single and the double application experiment. However, since all metabolites were detected in higher levels in the extract of leaves, the leaf extract of the single application experiment was fractionated and the fractions were subjected to LC-MS/MS analysis. Thus, metabolites BYI 02960-CHMP-glyc, BYI 02960-difluoroethyl-OH-glyc, BYI 02960-difluoroethanamine, BYI 02960-acetic acid-glyc and BYI 02960-OH-glyc and the corresponding aglycons BYI 02960-acetic acid and BYI 02960-OH were identified. The isolated metabolites were used for HPLC co-chromatography to confirm their occurrence in apple fruits.



Mass spectroscopic investigations of the isolated metabolite BYI 02960-CHMP-glyc showed that the one HPLC peak was represented by two isomers, presumably with different configurations of the conjugated glycoside moiety. The major isomer was assigned to the β-glucose conjugate of BYI 02960-CHMP. This configuration of the carbohydrate was confirmed in the tomato metabolism study and thus it was assumed that it is most probably the preferred configuration in all plants. Another conjugate of BYI 02960-CHMP, the minor metabolite BYI 02960-CHMP-di-glyc was identified by comparison of apple and tomato profiles. 



LC-MS/MS analysis showed as well that the two metabolites BYI 02960-OH-glyc and BYI 02960-acetic acid co-eluted in one peak using the neutral HPLC profiling method. Chromatographic separation of the compounds was achieved with an acidic reversed-phase HPLC method. For sub-quantification the peaks with the two metabolites were isolated from the apple fruits and leaves of the single application experiment by semi-preparative HPLC using the neutral profiling method. Re-analyses of the fraction with the acidic HPLC method separated the two components. The ratios obtained in the extracts of the single application experiment were then used for sub-quantification of the compounds in the double application experiment. The very similar pattern in the profiles of the two experiments (neglecting the amounts of parent) justified the transfer of the ratios. The identification of BYI 02960-OH-glyc and BYI 02960-acetic acid was additionally confirmed by comparison with reference compounds isolated and identified in the confined rotational crops study.



Following LC-MS/MS analysis, supportive experiments were performed to fully elucidate the chemical structures of the metabolites BYI 02960-OH-glyc and BYI 02960-OH. Enzymatic treatment with ß-glucosidase cleaved the conjugate BYI 02960-OH-glyc. HPLC co-chromatography of the cleavage product with the reference compound BYI 02960-OH located the conjugating hydroxy group at the 5-position of the furanone moiety. Concurrently, the successful enzymatic cleavage revealed D-glucose as the configuration for the conjugated hexose. For the metabolite BYI 02960-difluoroethyl-OH-glyc, the position of the hydroxy group being the link for the conjugation could not be exactly determined by LC-MS/MS. However, the fragmentation pattern indicated hydroxylation and conjugation in the difluoroethyl side chain.



The minor metabolites BYI 02960-6-CNA and BYI 02960-CHMP were identified in apple fruits of the single application experiment by HPLC co-chromatography with authentic reference compounds. Following identification of metabolites by LC-MS/MS analysis and co-chromatography or comparison with reference compounds, assignment to peaks in other profiles was completed by comparison of all profiles 



In total, 78.8% or 98.3% of the TRRs were identified in the apple fruit (with surface wash) after one or two  foliar applications as summarized in Table B.7.1.3.-5and Table B.7.1.3-6.




Table B.7.1.3-5:  TRR values and distribution of parent and metabolites in apple fruits 

and leaves after a single foliar treatment of [Pyridinylmethyl-14C]-BYI 02960.

		Application

		Single application



		Matrix

		apple fruits

		apple leaves



		TRR [mg/kg]  

		0.079

		56.715



		(BYI 02960-) Equivalents 

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		43.1

		0.034

		24.5

		13.882



		6-CNA

		5

		0.004

		 ---

		 ---



		CHMP-di-glyc

		 ---

		 ---

		0.6

		0.342



		CHMP-glyc

		4.7

		0.004

		14.4

		8.141



		CHMP

		4

		0.003

		1.3

		0.727



		acetic acid-glyc

		3.5

		0.003

		5.1

		2.891



		OH-glyc

		4.9

		0.004

		19.9

		11.278



		acetic acid

		3

		0.002

		1.4

		0.767



		difluoroethyl-OH-glyc

		1.4

		0.001

		6.4

		3.631



		AMCP-difluoroethanamine

		8.4

		0.007

		0.4

		0.255



		OH

		0.8

		0.001

		0.9

		0.484



		Total identified

		78.8

		0.063

		74.9

		42.398



		unknown 1

		2.7

		0.002

		 ---

		 ---



		unknown 2

		6.6

		0.005

		 ---

		 ---



		unknown 3

		3.5

		0.003

		1.8

		1



		unknown 4

		2

		0.002

		3.6

		2.052



		unknown 5

		 ---

		 ---

		 ---

		 ---



		unknown 6

		 ---

		 ---

		1.1

		0.634



		unknown 7

		 ---

		 ---

		0.6

		0.322



		unknown 8

		 ---

		 ---

		 ---

		 ---



		unknown 9

		 ---

		 ---

		2.6

		1.477



		unknown 10

		 ---

		 ---

		1.3

		0.762



		unknown 11

		 ---

		 ---

		0.5

		0.295



		unknown 12

		 ---

		 ---

		 ---

		 ---



		unknown 13

		 ---

		 ---

		 ---

		 ---



		unknown 14

		 ---

		 ---

		0.6

		0.353



		unknown 15

		 ---

		 ---

		0.6

		0.315



		unknown 16

		 ---

		 ---

		1.2

		0.682



		unknown 17

		 ---

		 ---

		0.7

		0.403



		unknown 18

		 ---

		 ---

		2.4

		1.386



		unknown 19

		 ---

		 ---

		1.9

		1.088



		unknown 20

		0.6

		<0.001

		2.5

		1.445



		unknown 21

		 ---

		 ---

		0.2

		0.114



		Total characterised

		15.4

		0.013

		21.6

		12.328



		Analysed extract(s)

		94.2

		0.076

		96.5

		54.726



		Losses

		 ---

		 ---

		0.2

		0.132



		Total extracted

		94.2

		0.076

		96.7

		54.858



		Post-extraction solids (PES)

		5.8

		0.005

		3.3

		1.855



		Accountability

		100

		0.081

		100

		56.713



		

		

		

		

		



		

		

		

		

		








Table B.7.1.3-6: TRR values and distribution of parent and metabolites in apple fruits and leaves after two foliar treatments of [Pyridinylmethyl-14C]-BYI 02960.

		Application

		Double application 



		Matrix

		Apple fruits with surface wash

		Apple fruits without surface wash

		Apple leaves



		TRR [mg/kg] = 

		1.868

		0.545

		134.841



		(BYI 02960-) Equivalents 

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		parent

		88.4

		1.652

		85.6

		0.467

		48.2

		64.981



		6-CNA

		0.5

		0.009

		1.5

		0.008

		0.3

		0.436



		CHMP-di-glyc

		 ---

		 ---

		 ---

		 ---

		0.2

		0.327



		CHMP-glyc

		0.5

		0.01

		0.9

		0.005

		7.3

		9.842



		CHMP

		0.7

		0.013

		0.8

		0.004

		0.6

		0.777



		acetic acid-glyc

		0.6

		0.012

		0.8

		0.004

		5

		6.799



		OH-glyc

		1.3

		0.024

		1.7

		0.009

		15.4

		20.729



		acetic acid

		0.8

		0.015

		1.1

		0.006

		1

		1.41



		difluoroethyl-OH-glyc

		 ---

		 ---

		 ---

		 ---

		4.9

		6.674



		AMCP-difluoroethanamine

		4.5

		0.085

		4.1

		0.023

		0.8

		1.015



		OH

		1

		0.02

		1

		0.005

		0.7

		0.944



		Total identified

		98.3

		1.84

		97.5

		0.531

		84.4

		113.934



		unknown 1

		 ---

		 ---

		 ---

		 ---

		 ---

		 ---



		unknown 2

		 ---

		 ---

		 ---

		 ---

		 ---

		 ---



		unknown 3

		0.2

		0.004

		 ---

		 ---

		0.8

		1.07



		unknown 4

		 ---

		 ---

		 ---

		 ---

		2

		2.652



		unknown 5

		 ---

		 ---

		 ---

		 ---

		0.2

		0.222



		unknown 6

		 ---

		 ---

		 ---

		 ---

		0.3

		0.406



		unknown 7

		 ---

		 ---

		 ---

		 ---

		0.4

		0.601



		unknown 8

		 ---

		 ---

		 ---

		 ---

		0.4

		0.504



		unknown 9

		 ---

		 ---

		 ---

		 ---

		1.6

		2.15



		unknown 10

		 ---

		 ---

		 ---

		 ---

		0.5

		0.721



		unknown 11

		 ---

		 ---

		 ---

		 ---

		0.5

		0.654



		unknown 12

		 ---

		 ---

		 ---

		 ---

		0.2

		0.323



		unknown 13

		0.3

		0.005

		 ---

		 ---

		0.4

		0.518



		unknown 14

		 ---

		 ---

		 ---

		 ---

		 ---

		 ---



		unknown 15

		 ---

		 ---

		 ---

		 ---

		 ---

		 ---



		unknown 16

		 ---

		 ---

		 ---

		 ---

		1

		1.38



		unknown 17

		 ---

		 ---

		 ---

		 ---

		0.5

		0.669



		unknown 18

		 ---

		 ---

		 ---

		 ---

		1.7

		2.291



		unknown 19

		 ---

		 ---

		 ---

		 ---

		0.8

		1.091



		unknown 20

		0.1

		0.002

		0.5

		0.002

		1.7

		2.248



		unknown 21

		 ---

		 ---

		 ---

		 ---

		0.3

		0.413



		Total characterised

		0.6

		0.011

		0.5

		0.002

		13.3

		17.914



		Analysed extract(s)

		98.9

		1.851

		98

		0.533

		97.7

		131.848



		Losses

		0.2

		0.003

		0.6

		0.004

		0.6

		0.788



		Total extracted

		99.1

		1.854

		98.6

		0.537

		98.3

		132.636



		Post-extraction solids (PES)

		0.8

		0.015

		1.3

		0.007

		1.6

		2.206



		Accountability

		100

		1.869

		99.8

		0.544

		100

		134.842



		

		

		

		

		

		

		










B.7.1.3.5.3	Storage stability of residues

All extraction and surface wash experiments and the first HPLC analyses of the apple fruits were performed within 3 months after harvest. The extraction experiments and the first HPLC analyses of the apple leaves were performed within 4 months after harvest. Thus, no additional tests are necessary to prove the stability of the relevant residues in frozen matrices. The extracts were analysed after 1 to 3 days following start of extraction and the surface wash was analysed 13 days after washing.



Comparison of the HPLC chromatograms recorded at different times during the study showed that the profiles of the extracts did not change significantly during the analytical work up, which did not exceed approximatley eight months.



B.7.1.3.6	Conclusion

The  residues were dominated by parent in the double application experiment (14-day PHI), whereas the metabolite patterns were similar in both experiments. Cleavage to form difluoroacetic acid would not be observed.  The presence of DFA was confirmed by analysis of samples for non-radiolabled DFA.  Please see B.7.16.

Three major metabolic routes of [Pyridinylmethyl-14C]-BYI 02960 were observed in apples:

· hydroxylation followed by conjugation with carbohydrates, 

· cleavage of the pyridinylmethylamine bond followed by conjugation with carbohydrates or by oxidation of the methylene group to a carboxylic group, and

· oxidative degradation of the furanone moiety to an acetic acid group followed either by conjugation with a carbohydrate or by further degradation of the moiety.



A metabolic pathway is proposed (Figure B.7.1.3-2).



Figure B.7.1.3-2:	Proposed metabolic pathway of [Pyridinylmethyl-14C]-BYI 02960 in apples

[image: ]








B.7.1.3.7	Overall Conclusion for Apple (foliar application)



For  [Furanone-4-14C]-BYI 02960, in the single application experiment, a natural compound (glucose/carbohydrates) was by far the main compound in apple fruits, whereas parent was predominant in leaves. Nevertheless, the metabolite patterns were very similar in fruits and leaves in both experiments. Besides parent and glucose/carbohydrates, each of the other metabolites in apple fruits represented less than 4% of the TRR. 



Overall, four major metabolic routes were observed: (1) hydroxylation of the parent (either the furanone moiety or the difluoroethyl moiety) followed by conjugation with carbohydrates, (2) oxidative degradation of the furanone moiety to an acetic acid group followed either by conjugation with a carbohydrate or by further degradation of the moiety, (3) complete degradation of the furanone moiety and incorporation of carbon atoms into the natural compound pool, i.e. into glucose/carbohydrates, and (4) cleavage of the pyridinylmethylamine bond.



For [Pyridinylmethyl-14C]-BYI 02960, parent was the main compound detected in both experiments in apple fruits at harvest. All metabolites represented less than 10% of the TRR. Nine metabolites were identified in fruits, of which BYI 02960-AMCP-difluoroethanamine was the most prominent one, followed by 6-CNA (single application experiment) or BYI 02960-OH-glyc (double application experiment). Overall, three major metabolic routes were observed: (1) Oxidative degradation of the furanone moiety to an acetic acid group followed either by conjugation with a carbohydrate or by further degradation of the moiety; (2) hydroxylation of the parent (either the furanone moiety or the difluoroethyl moiety) followed by conjugation with carbohydrates and (3) cleavage of the pyridinylmethylamine bond followed by conjugation with carbohydrates or by oxidation of the methylene group to a carboxylic group. 



The distribution of parent and metabolites in apple fruit and apple leaves are summarized in Table B.7.1.3-7 and B.7.1.3-8.






Table B.7.1.3-7:   Summary of TRR values and distribution of parent and metabolites in 

apple fruit after foliar application of BYI 02960.

		Apple fruits



		Radiolabel

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]



		Application

		single appl.

		double appl. 
w/o surface wash

		single appl.

		double appl. 
w/o surface wash



		TRR [mg/kg] 

		0.280

		1.286

		0.079

		0.545



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		BYI 02960

		7.4

		0.021

		73.6

		0.946

		43.1

		0.034

		85.6

		0.467



		glucose/carbohydrates

		71.7

		0.201

		14.2

		0.182

		--

		--

		--

		--



		6-CNA

		--

		--

		--

		--

		5.0

		0.004

		1.5

		0.008



		CHMP-glyc

		--

		--

		--

		--

		4.7

		0.004

		0.9

		0.005



		CHMP

		--

		--

		--

		--

		4.0

		0.003

		0.8

		0.004



		difluoroethyl-amino-furanone

		3.2

		0.009

		0.2

		0.003

		--

		--

		--

		--



		acetic acid-glyc

		0.3

		0.001

		0.5

		0.007

		3.5

		0.003

		0.8

		0.004



		OH-glyc

		0.4

		0.001

		1.1

		0.014

		4.9

		0.004

		1.7

		0.009



		acetic acid

		0.2

		0.001

		0.7

		0.009

		3.0

		0.002

		1.1

		0.006



		AMCP-difluoroethanamine

		--

		--

		--

		--

		8.4

		0.007

		4.1

		0.023



		difluoroethyl-OH-glyc

		--

		--

		--

		--

		1.4

		0.001

		---

		---



		OH

		---

		---

		0.8

		0.01

		0.8

		0.001

		1.0

		0.005



		Total identified

		83.4

		0.234

		91.1

		1.171

		78.9

		0.063

		97.6

		0.531



		Total characterised

		2.0

		0.005

		0.1

		0.002

		15.3

		0.013

		0.5

		0.002



		Analysed extract(s)

		85.3

		0.239

		91.2

		1.173

		94.2

		0.076

		98.0

		0.533



		Losses

		1.2

		0.003

		0.7

		0.009

		---

		---

		0.6

		0.004



		Total extracted

		86.5

		0.242

		91.9

		1.182

		94.2

		0.076

		98.6

		0.537



		Post-extraction solids (PES)

		13.5

		0.038

		8.1

		0.104

		5.8

		0.005

		1.3

		0.007



		Accountability

		100

		0.280

		100

		1.286

		103

		0.081

		100

		0.544












Table B.7.1.3-8. Summary of TRR values and distribution of parent and metabolites in 

apple leaves  after foliar application of BYI 02960.

		Apple leaves



		Radiolabel

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]



		Application

		single appl.

		double appl. 
w/o surface wash

		single appl.

		double appl. 
w/o surface wash



		TRR [mg/kg] 

		38.957

		102.919

		56.715

		134.841



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		BYI 02960

		26

		10.138

		57.9

		59.547

		24.5

		13.882

		48.2

		64.981



		glucose/carbohydrates

		2.5

		0.991

		3.6

		3.687

		 --

		 --

		

		



		6-CNA

		--

		--

		--

		--

		--

		--

		0.3

		0.436



		CHMP-di-glyc

		--

		--

		--

		--

		0.6

		0.342

		0.2

		0.327



		CHMP-glyc

		--

		--

		--

		--

		14.4

		8.141

		7.3

		9.842



		CHMP

		--

		--

		--

		--

		1.3

		0.727

		0.6

		0.777



		difluoroethyl-amino-furanone

		--

		--

		0.7

		0.736

		--

		--

		--

		--



		acetic acid-glyc

		6.4

		2.486

		4.2

		4.274

		5.1

		2.891

		5

		6.799



		OH-glyc

		36.1

		14.062

		17.3

		17.856

		19.9

		11.278

		15.4

		20.729



		acetic acid

		2.5

		0.956

		1.2

		1.214

		1.4

		0.767

		1

		1.41



		AMCP-difluoroethanamine

		--

		--

		--

		--

		0.4

		0.255

		4.9

		6.674



		difluoroethyl-OH-glyc

		5.8

		2.264

		2.1

		2.118

		6.4

		3.631

		0.8

		1.015



		OH

		0.6

		0.244

		0.6

		0.63

		0.9

		0.484

		0.7

		0.944



		Total identified

		79.9

		31.141

		87.5

		90.063

		74.9

		42.398

		84.4

		113.934



		Total characterised

		14

		5.463

		8.5

		8.781

		21.6

		12.328

		13.3

		17.914



		Analysed extract(s)

		93.9

		36.604

		96

		98.844

		96.5

		54.726

		97.7

		131.848



		Losses

		0.3

		0.121

		0.4

		0.436

		0.2

		0.132

		0.6

		0.788



		Total extracted

		94.2

		36.725

		96.4

		99.28

		96.7

		54.858

		98.3

		132.636



		Post-extraction solids (PES)

		5.7

		2.232

		3.5

		3.639

		3.3

		1.855

		1.6

		2.206



		Accountability

		100

		38.957

		100

		102.919

		100

		56.713

		100

		134.842







Figure B.7.1.3-3:	Positions involved in metabolic degradation of BYI 02960 in apple fruits and leaves
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B.7.1.4  Metabolism in cotton (foliar application)



Metabolism studies in cotton were conducted with [furanone-4-14C]- and [pyridinylmethyl-14C]-BYI 02960.



		Reference:

		KIIA 6.2.1/08



		Report:

		Metabolism of [Furanone-4-14C]-BYI 02960 in cotton after spray application. S. Schmeling, E. Weber. 2012



		Report No.:

		MEF-11/392
M-421625-01-2 



		MRID:

		48843808



		Guidelines:

		OECD 501 Metabolism in Crops

US EPA Residue Chemistry Test Guideline OPPTS 860.1300: Nature of the Residue – Plants, Livestock

PMRA Regulatory Directive Dir98-02: Residue Chemistry Guidelines Section 2: Nature of the Residue – Plants, Livestock

Japanese MAFF, 12 Nousan 8147

European Parliament and Council Regulation (EC) No 1107/2009



		Testing Facility:

		Bayer CropScience AG

Development - Environmental Safety

Metabolism/ADME and Environmental Fate

40789 Monheim am Rhein, Germany



		Testing Facility Report No.:

		M1731841-5



		GLP:

		yes



		Study reliability:

		Fully reliable







The purpose of the study was to investigate the metabolism of [furanone-4-14C]-BYI 02960 formulated as SL 200 in cotton after foliar spray application. In one experiment (single application experiment), five cotton plants were treated at an actual application rate of 209 g a.i./ha, when the sixth true leaf was unfolded (BBCH 16). The PHI was 169 days. In another experiment, one cotton plant was treated two times, one time at an actual application rate of 209 g a.i./ha at BBCH 15 and a second time at an application rate of 176 g a.i./ha at 14 days before harvest of the cotton bolls (when more than 90% of the bolls were open and approx. 50% to 70% of the leaves were discoloured or fallen; BBCH 95 - 97). 



B.7.1.4.1   Materials and methods



B.7.1.4.1.1	Crop

Six cotton plants of the variety “Carmen” were cultivated in the standard soil "Einheitserde T" (standard soil containing 2 kg/m3 of a water soluble salt mixture), pH (CaCl2) = 5.8, 85% white moor peat, 15% clay, containing NO3-, NH4+, P2O5, K2O, Fe, Mn, B, Cu, Mo, Zn) in planting pots with a surface area of approx. 0.076 m2 and a volume of 15 L.  There was one plant per pot. The plants were grown in the greenhouse of the test facility which allows cultivation similar to natural temperature and light conditions. The plants were irrigated according to their needs.



B.7.1.4.1.2	Test Material



		Chemical structure

		[image: ]

		





*	position of the 
	radiolabel



		Radiolabelled test material

		[Furanone-4-14C]-BYI 02960



		Specific radioactivity

		3.94 MBq/mg (106.46 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 98% (HPLC and TLC)







The supplied radiolabelled test compound [furanone-4-14C]-BYI 02960 was dissolved in acetonitrile. Formulation of the test compound was performed prior to each application. For the preparation of the SL 200 formulation, an adequate portion of the stock solution was transferred into a special glass vial and evaporated to dryness. The liquid blank formulation was added to the test item using a magnetic stirrer. The mixture was diluted with water to get the aqueous application solution.



B.7.1.4.1.3	Application

For the spray treatment, volumes of 4.3 mL/plant (1st application) and 4.5 mL/plant (2nd application) of the respective aqueous spray dilution (SL 200) were filled into the bottle of a hand pump sprayer. Prior to each application, a top frame covered with plastic foil at the inside, was attached to the upper side of the planting pot to avoid the escape of spray aerosol. The spray dilution was applied with the pump sprayer onto the plants. After the last treatment the spray device was rinsed with 10 mL acetonitrile (first application) or 5 mL acetonitrile (second application) and the protective plastic foil with 5 L methanol. The radioactivity in these solutions was determined by LSC. The actual amounts applied were calculated by subtracting these losses (rinse of spray devices and foils) from the radioactivity in the used spray dilutions.  A total amount of 9.48 mg a.i. was applied during the first application, corresponding to 37.37 MBq. A total amount of 1.33 mg a.i. was applied during the second application, corresponding to 5.24 MBq. The actual treatment rates were approx. 209 g a.i./ha for the first application and approx. 176 g a.i./ha for the second application.



B.7.1.4.1.4	Sampling

In both experiments undelinted cotton seeds, lint,  and gin trash were harvested at maturity of the seeds (BBCH 99). The PHIs were 169 days for the single application (except 28 days for the intermediate sample) and 14 days for the double application.  The cotton bolls (capsules) were cut from the plants and the seeds were separated manually from the lint. No chemical process followed to delint the seeds. The remaining plants (= gin trash) were cut off just above the soil surface and were shredded into small pieces. The gin trash chaff was combined with the empty capsules which had contained the lint and the seeds. Gin trash and seed samples were further processed using a Polytron homogenizer and liquid nitrogen. The homogenized samples were stored in a freezer (≤ -18°C) until analysis. Lint samples of the double application experiment were not submitted to any sample preparation steps and were stored in a freezer (≤ -18°C) until analysis. 



In the single application experiment, an intermediate was sampled at an early growth stage (two to four vegetative side shoots were visible; BBCH 22–24) to support the identification of metabolites. The plant was cut off just above the soil surface and was cut into small pieces prior to extraction and analysis.



B.7.1.4.1.5	Analytical procedures

Aliquots of all sample matrices were extracted three times with a mixture of acetonitrile/water (8:2; v/v) using a high speed blender. The cotton seed samples were additionally extracted with heptane prior to the first acetonitrile/water extraction step. The radioactivity in the extracts was determined by LSC and in the solids by combustion followed by LSC. The actual TRR value of the RAC was determined by summing up the radioactivity measured in the extracts and in the remaining solids. All extracts were combined. The intermediate and the gin trash extracts were subjected to an SPE clean-up step, whereas the seed and the lint extracts were directly analysed by HPLC analysis after concentration. The clean-up was performed using an SPE RP 18 cartridge (Phenomenex, Strata C18-E, 20 g), which was conditioned with methanol, water and an acetonitrile/water mixture beforehand. The flow-through fraction (percolate) was collected and the cartridge was rinsed with acetonitrile/water (8:2; v/v) and methanol/dichloromethane (1:1; v/v). The percolate and the acetonitrile/water fraction were combined and concentrated by rotary evaporation in vacuo prior to chromatographic analysis by HPLC. The solids remaining after the conventional extraction steps of the gin trash samples were additionally submitted two times to microwave-assisted extraction with acetonitrile/water mixtures (8:2; v/v and 1:1; v/v). After each extraction step, extracts and solids were separated by filtration. The extracts were combined and concentrated by rotary evaporation in vacuo prior to HPLC analysis.



Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Identification of parent and metabolites common to both radiolabels was based on the metabolite profiles obtained in the cotton metabolism study with [Pyridinylmethyl-14C]-BYI 02960. In this study, parent and the major metabolites were identified in at least one matrix either by LC-MS/MS after semi-preparative isolation of the compounds or by HPLC and TLC co-chromatography with authentic reference compounds. All assignments made in the present study were confirmed by HPLC co-chromatography in gin trash using authentic reference compounds. Assignment in the other matrices was performed by comparison of HPLC profiles since the metabolite profiles of all matrices were comparable. No label-specific metabolite was identified. 



B.7.1.4.2	Results and Discussion



B.7.1.4.2.1	Total radioactive residues in plant samples

Residues in gin trash and lint from the double application were considerably higher compared to the single application experiment. Residues in seeds were not affected by the late second application. The TRR level in the cotton seeds was low in the single and in the double application experiment: only 0.013 mg/kg and 0.016 mg/kg were found, respectively. High residues were detected in gin trash (2.767 mg/kg) and lint (4.993 mg/kg) in the double application experiment, where the last treatment was performed 14 days before harvest when more than 90% of the cotton bolls were open. In the single application experiment, the TRR in gin trash accounted for 0.191 mg/kg and the TRR in lint was < 0.01 mg/kg. Due to the negligible residues, lint of the single application experiment was not subjected to extraction.



Table B.7.1.4-1:  Overall TRRs in Cotton Matrices Treated with [Furanone-4-14C]-BYI 02960.

		Matrix

		Application Type

		Growth stage

		PHI (days)

		TRR (mg/kg)



		Intermediate

		1 foliar application

209 g a.i./ha

		BBCH 22-24

		28

		12.391



		Gin trash

		

		BBCH 99

		169

		0.191



		Lint

		

		

		169

		0.009



		Seeds

		

		

		169

		0.013



		Gin trash

		2 foliar applications

385 g a.i./ha

		BBCH 99

		14

		2.767



		Lint

		

		

		14

		4.993



		Seeds

		

		

		14

		0.016







B.7.1.4.2.2	Extraction and characterization of residues

The main portion of radioactivity in the intermediate (single application experiment), gin trash (single and double application experiment), and lint (double application experiment) was extracted conventionally by acetonitrile/water mixtures. For gin trash, additional exhaustive extraction steps were applied to the solids of the conventional extraction. Exhaustive extraction comprised two extraction steps with acetonitrile/water mixtures at increased temperature (120°C) using a microwave-assisted extraction system. Extraction efficiencies ranged from 23.4% of the TRR for seeds (single application experiment) to 96.6% for lint (double application experiment) .



Due to the low radioactivity level in seeds, no further attempts were performed to analyse the extracts or to release additional radioactivity. Analysis of the HPLC analysis of the conventional and exhaustive extracts of the intermediate, gin trash and lint after both spray scenarios revealed that all metabolite profiles were comparable. Additionally, it was shown that the metabolite profiles of all matrices were also nearly identical with those obtained in the cotton metabolism study conducted with [Pyridinylmethyl-14C]-BYI 02960 (see below). Identifications of compounds were  based on the assignments made in the study with the other radiolabel. The assignments were then confirmed in the gin trash extracts of the present study by HPLC co-chromatography using authentic reference compounds. Corresponding metabolites in other matrices were assigned by comparison with the gin trash profile.



The main compound in all cotton matrices was parent, including BYI 02960-OH-glyc and BYI 02960-acetic acid. These compounds co-eluted with the neutral HPLC method used for metabolite profiling. Therefore, the fraction was isolated from a gin trash extract and re-analysed with an acidic mobile phase. Both compounds were well separated using the acidic method and identification of both compounds became feasible by HPLC co-chromatography with authentic reference compounds. Separation of the compounds revealed that BYI 02960-acetic acid represented approx. 58% of the fraction in gin trash in the single application experiment and approx. 94% of the fraction in the double application experiment. The configuration of the hexose in BYI 02960-OH-glyc was identified as D-glucose in the corresponding apple metabolism study by the specific enzymatic treatment with ß-glucosidase.



In addition to the parent and the fraction comprising BYI 0260-OH-glyc and BYI 02960-acetic acid, another major compound was identified as BYI 02960-OH in cotton gin trash only. All other metabolites detected in gin trash, lint and as well in the intermediate were minor metabolites, which did not exceed 10% of the TRR in the single and the double application experiment. Three of the minor metabolites were identified in gin trash by HPLC co-chromatography using authentic reference compounds: BYI 02960-glyoxylic acid, BYI 02960-acetic acid-glyc and BYI 02960-bromo (probably co-eluting with small amounts of BYI 02960-chloro). Assignment of the metabolites in other matrices was completed by comparison of all metabolite profiles. 



Table B.7.1.4-3: TRR values and distribution of parent and metabolites in cotton matrices after a single foliar treatment of [Furanone-4-14C]-BYI 02960.

		Application

		Single application 



		Matrix

		Intermediate plant

		Gin trash



		TRR [mg/kg]  

		12.391

		0.191



		(BYI 02960-) Equivalents 

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		42.3

		5.237

		37.5

		0.072



		glyoxylic acid

		---

		---

		0.9

		0.002



		acetic acid-glyc

		8.6

		1.068

		---

		---



		OH-glyc / acetic acid

		24.9

		3.082

		12.8

		0.024



		OH

		---

		---

		12

		0.023



		bromo/chloro

		0.7

		0.089

		0.6

		0.001



		Subtotal identified

		76.5

		9.476

		63.8

		0.122



		unknown 1

		2.2

		0.268

		2.6

		0.005



		unknown 2

		---

		---

		---

		---



		unknown 3

		1

		0.122

		---

		---



		unknown 4

		---

		---

		0.6

		0.001



		unknown 5

		6.6

		0.823

		---

		---



		unknown 6

		---

		---

		---

		---



		unknown 7

		2.5

		0.31

		---

		---



		unknown 8

		---

		---

		---

		---



		unknown 9

		---

		---

		---

		---



		unknown 10

		---

		---

		---

		---



		unknown 11

		1.1

		0.141

		---

		---



		unknown 12

		---

		---

		---

		---



		Subtotal characterised

		13.4

		1.664

		3.2

		0.006



		Total conventional extraction

		89.9

		11.14

		67

		0.128



		Microwave extraction



		BYI 02960 (parent)

		 --

		-- 

		2.5

		0.005



		acetic acid-glyc

		 --

		-- 

		---

		---



		OH-glyc / acetic acid

		 --

		-- 

		2.9

		0.006



		OH

		 --

		-- 

		1.2

		0.002



		Subtotal identified

		 --

		-- 

		6.6

		0.013



		unknown 1

		 --

		-- 

		4.2

		0.008



		unknown 3

		 --

		-- 

		---

		---



		unknown 5

		 --

		-- 

		---

		---



		unknown 7

		 --

		-- 

		---

		---



		Subtotal characterised

		 --

		-- 

		4.2

		0.008



		Total microwave extraction

		--

		--

		10.8

		0.021



		Total identified

		76.5

		9.476

		70.4

		0.134



		Total characterised

		13.4

		1.665

		7.4

		0.014



		Analysed extracts

		89.9

		11.141

		77.7

		0.148



		Losses

		0.4

		0.053

		2.6

		0.005



		Total extracted

		90.3

		11.194

		80.3

		0.153



		Post-extraction solids (PES)

		9.7

		1.197

		19.7

		0.038



		Accountability

		100

		12.391

		100

		0.191



		

		

		

		

		





Table B.7.1.4-4:  TRR values and distribution of parent and metabolites in cotton  matrices after two foliar treatments of [Furanone-4-14C]-BYI 02960.

		Application

		Double application 



		Matrix

		Gin trash

		Lint



		TRR [mg/kg]  

		2.767

		4.993



		 (BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		53.3

		1.476

		70.3

		3.512



		glyoxylic acid

		1.6

		0.044

		0.2

		0.009



		acetic acid-glyc

		2.2

		0.062

		---

		---



		OH-glyc / acetic acid

		20

		0.553

		13.9

		0.694



		OH

		0.6

		0.016

		---

		---



		bromo/chloro

		2.3

		0.063

		1.6

		0.078



		Subtotal identified

		80.0

		2.214

		86.0

		4.293



		unknown 1

		4.9

		0.135

		3.8

		0.19



		unknown 2

		0.5

		0.014

		0.4

		0.018



		unknown 3

		0.4

		0.012

		0.9

		0.043



		unknown 4

		2

		0.056

		---

		---



		unknown 5

		0.8

		0.023

		0.3

		0.014



		unknown 6

		0.5

		0.013

		---

		---



		unknown 7

		0.2

		0.005

		0.6

		0.028



		unknown 8

		---

		---

		0.5

		0.024



		unknown 9

		---

		---

		2.7

		0.135



		unknown 10

		0.3

		0.009

		1.2

		0.062



		unknown 11

		---

		---

		---

		---



		unknown 12

		---

		---

		0.3

		0.016



		Subtotal characterised

		9.6

		0.267

		10.7

		0.53



		Total conventional extraction

		89.6

		2.481

		96.7

		4.823



		Microwave extraction



		BYI 02960 (parent)

		1.1

		0.029

		 --

		-- 



		acetic acid-glyc

		<0.1

		0.001

		 --

		-- 



		OH-glyc / acetic acid

		0.8

		0.023

		 --

		-- 



		OH

		---

		---

		 --

		-- 



		Subtotal identified

		2.0

		0.053

		 --

		-- 



		unknown 1

		1.7

		0.046

		 --

		-- 



		unknown 3

		0.1

		0.001

		 --

		-- 



		unknown 5

		0.1

		0.002

		 --

		-- 



		unknown 7

		0.1

		0.002

		 --

		-- 



		Subtotal characterised

		2.0

		0.051

		 --

		-- 



		Total microwave extraction

		3.8

		0.104

		---

		---



		Total identified

		82.0

		2.267

		86.0

		4.292



		Total characterised

		11.6

		0.318

		10.7

		0.53



		Analysed extracts

		93.6

		2.585

		96.7

		4.822



		Losses

		2.3

		0.065

		<0.1

		<0.001



		Total extracted

		95.9

		2.650

		96.7

		4.823



		Post-extraction solids (PES)

		4.2

		0.116

		3.4

		0.17



		Accountability

		100

		2.766

		100

		4.993















Table B.7.1.4.2.2-3:  Summary of characterized and identified radioactive residues in cotton matrices 

after one or two foliar applications of [Furanone-4-14C]-BYI 02960.

		Application

		Single application 

		Double application 



		Matrix

		Intermediate plant

		gin trash

		gin trash

		lint



		TRR [mg/kg] 

		12.391

		0.191

		2.767

		4.993



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		BYI 02960 (parent)

		42.3

		5.237

		40.0

		0.076

		54.4

		1.505

		70.3

		3.512



		glyoxylic acid

		---

		---

		0.9

		0.002

		1.6

		0.044

		0.2

		0.009



		acetic acid-glyc

		8.6

		1.068

		---

		---

		2.3

		0.063

		---

		---



		OH-glyc / acetic acid

		24.9

		3.082

		15.7

		0.030

		20.8

		0.576

		13.9

		0.694



		OH

		---

		---

		13.1

		0.025

		0.6

		0.016

		---

		---



		bromo/chloro

		0.7

		0.089

		0.6

		0.001

		2.3

		0.063

		1.6

		0.078



		Total identified

		76.5

		9.476

		70.3

		0.134

		81.9

		2.267

		86.0

		4.292



		Total characterised

		13.4

		1.665

		7.4

		0.014

		11.5

		0.318

		10.6

		0.530



		Analysed extracts

		89.9

		11.141

		77.7

		0.148

		93.4

		2.585

		96.6

		4.822



		Losses

		0.4

		0.053

		2.6

		0.005

		2.3

		0.065

		<0.1

		<0.001



		Total extracted

		90.3

		11.194

		80.3

		0.153

		95.8

		2.650

		96.6

		4.823



		Post-extraction solids (PES)

		9.7

		1.197

		19.7

		0.038

		4.2

		0.116

		3.4

		0.170



		Accountability

		100

		12.391

		100

		0.191

		100

		2.766

		100

		4.993






B.7.1.4.2.3	Storage stability of residues

All extraction experiments and the first HPLC analyses were performed within 3 weeks (21 days) after harvest of the cotton plants. The extracts were analysed after 6 days following the start of extraction at the latest. Since the first metabolic analysis of the RACs as well as the last experiments with extracts (HPLC co-chromatography) took place within 6 months, no further stability investigations were necessary according to OECD Guidance for the Testing of Chemicals 501 (2007).



B.7.1.4.3	Conclusion

Metabolism of BYI 02960 was moderate in cotton. The residues were dominated by parent in both the single and double application experiments. Cotton gin trash was the matrix showing the highest number of metabolites.

Three major metabolic routes of [Furanone-4-14C]-BYI 02960 were observed in cotton:

· hydroxylation of the methylene group of the furanone moiety followed by conjugation (i.e. glycosylation),

· oxidative degradation of the furanone moiety to an acetic acid group followed either by conjugation with a carbohydrate or by further oxidation, and

· halogenation (bromination/chlorination) of the furanone moiety.



It is speculated that the halogenation of the furanone moiety of the active substance probably occurred  in the soil which was supported by the fact that small amounts of halogenated parent were identified in the aerobic soil degradation studies. Due to the early timing of the first application, a significant portion of the parent might have reached the soil and been subjected to soil metabolism processes. The following metabolic pathway is proposed as consistent with the observations.



Figure B.7.1.4-1:	Proposed metabolic pathway of [Furanone-4-14C]-BYI 02960 in cotton
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The purpose of the study was to investigate the  metabolism of [pyridinylmethyl-14C]-BYI 02960 formulated as SL 200 in cotton after foliar spray application. In one experiment (single application experiment), five cotton plants were treated at an actual application rate of 206 g a.i./ha, when the sixth true leaf was unfolded (BBCH 16). In another experiment, one cotton plant was treated two times, one time at an actual application rate of 206 g a.i./ha at BBCH 16 and a second time at an application rate of 177 g a.i./ha at 15 days before harvest of the cotton bolls (when more than 90% of the bolls were open and approx. 50% to 70% of the leaves were discoloured or fallen; BBCH 95 - 97). The total application rate in the double application experiment was 383 g a.i./ha.



B.7.1.4.4	Matrials and methods



B.7.1.4.4.1	Crop

The six cotton plants of the variety "Carmen" were cultivated in the standard soil "Einheitserde T" in planting pots with a surface area of approx. 0.076 m2 and a volume of 15 L.  There was one plant per pot.  The  “Einheitserde T” soil (standard soil containing 2 kg/m3 of a water soluble salt mixture) had pH (CaCl2) = 5.8, 85% white moor peat, 15% clay, containing NO3-, NH4+, P2O5, K2O, Fe, Mn, B, Cu, Mo, Zn.  The plants were grown in the greenhouse of the test facility which allows cultivation similar to natural temperature and light conditions. The plants were irrigated according to their needs.



B.7.1.4.4.2	Test material



		Chemical structure

		[image: ]

		





*	position of the 
	radiolabel



		Radiolabelled test material

		[Pyridinylmethyl-14C]-BYI 02960



		Specific radioactivity

		4.37 MBq/mg (118.08 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 98% (HPLC and TLC)







The supplied radiolabelled test compound [pyridinylmethyl-14C]-BYI 02960 was dissolved in acetonitrile. Formulation of the test compound was performed prior to each application. For the preparation of the SL 200 formulation, an adequate portion of the stock solution was transferred into a special glass vial and evaporated to dryness. The liquid blank formulation was added to the test item using a magnetic stirrer. The mixture was diluted with water to get the aqueous application solution.



B.7.1.4.4.3	Application

Two experiments were performed with a total of six cotton plants.  The experiments represented the intended foliar spray application scenarios of BYI 02960 in cotton. In one experiment (single foliar spray application), the plants were treated at a target application rate of 200 g a.i./ha, when the sixth true leaf was unfolded (BBCH 16). The actual application rate was 206 g a.i./ha.  In the other experiment (double foliar spray application), one cotton plant was treated two times. The first application was conducted at BBCH 16 and the second at 15 days before harvest (when more than 90% of the bolls were open and approx. 50% to 70% of the leaves were discoloured or fallen; BBCH 95 - 97). The total actual application rate in the double application experiment was 383 g a.i./ha.



B.7.1.4.4.4	Sampling

In both experiments cotton seeds (= undelinted seeds), lint and gin trash were harvested at maturity of the seeds (BBCH 99). The cotton bolls (capsules) were cut from the plants and the seeds were separated manually from the lint. No chemical process followed to delint the seeds. The remaining plants (= gin trash) were cut off just above the soil surface and were shredded into small pieces. The gin trash chaff was combined with the empty capsules which had contained the lint and the seeds. Gin trash and seed samples were further processed using a Polytron homogenizer and liquid nitrogen. The homogenized samples were stored in a freezer (≤-18°C) until analysis. Lint samples of the double application experiment were not submitted to any sample preparation steps and were stored in a freezer (≤-18°C) until analysis. 



In the single application experiment, additionally an intermediate was sampled at an early growth stage (two to four vegetative side shoots were visible; BBCH 22–24) to support the identification of metabolites. The plant was cut off just above the soil surface and was cut into small pieces prior to extraction and analysis.

B.7.1.4.4.5	Analytical procedures



Aliquots of all sample matrices were extracted three times with a mixture of acetonitrile/water (8:2; v/v) using a high speed blender. The cotton seed samples were additionally extracted with heptane prior to the first acetonitrile/water extraction step. The radioactivity in the extracts was determined by LSC and in the solids by combustion followed by LSC. The actual TRR value of the RAC was determined by summing up the radioactivity measured in the extracts and in the remaining solids. All extracts were combined. The intermediate, gin trash and seed extracts were subjected to a clean-up step, whereas the lint extract was directly analysed by HPLC analysis after concentration. The clean-up was performed using an SPE RP 18 cartridge (Phenomenex, Strata C18-E, 20 g), which was conditioned with methanol, water and an acetonitrile/water mixture beforehand. The flow-through fraction (percolate) was collected and the cartridge was rinsed with acetonitrile/water (8:2; v/v). Elution of retained compounds was performed with methanol/dichloromethane (1:1; v/v). The percolate and the acetonitrile/water fraction (= rinse) were combined and concentrated by rotary evaporation in vacuo prior to chromatographic analysis by HPLC. The solids remaining after the conventional extraction steps of the gin trash samples were additionally submitted two times to microwave-assisted extraction with acetonitrile/water mixtures (8:2; v/v and 1:1; v/v). After each extraction step, extracts and solids were separated by filtration. The extracts were combined and concentrated by rotary evaporation in vacuo prior to HPLC analysis.



Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Identification of parent and all major metabolites was performed either by HPLC and TLC co-chromatography or by mass spectroscopic means after semi-preparative isolation of the compounds from a representative matrix. Minor metabolites were identified based on the assignments made in the cotton metabolism study with [furanone-4-14C]-BYI 02960. In that study all minor metabolites were identified in a representative matrix by HPLC co-chromatography with an authentic reference compound. Assignment in the other matrices was performed by comparison of HPLC profiles since the metabolite profiles of all matrices were comparable within both cotton metabolism studies.



B.7.1.4.5	Results and Discussion	



B.7.1.4.5.1	Total radioactive residues in plant samples

TRR levels in the double application experiment were related to the higher application rate and the late application timing. Residues in gin trash and lint were considerably higher compared to the single application experiment. As expected, residues in seeds were not strongly affected by the late second application. The TRR level in the cotton seed was low in the single and in the double application experiment: only 0.045 mg/kg and 0.068 mg/kg were found, respectively. High residues were detected in gin trash (2.344 mg/kg) and lint (8.846 mg/kg) in the double application experiment where the last treatment was performed 15 days before harvest (PHI) when more than 90% of the cotton bolls were open. In the single application experiment, 169 day PHI,  the TRR in gin trash accounted for 0.310 mg/kg and the TRR in lint was < 0.01 mg/kg. Due to the negligible residues, lint of the single application experiment was not subjected to extraction.



Table B.7.1.4-6:  Overall TRRs in Cotton Matrices Treated with [Pyridinylmethyl-14C]-BYI 02960.

		Matrix

		Application Type

		Growth stage

		PHI (days)

		TRR (mg/kg)



		Intermediate

		1 foliar application

206 g a.i./ha

		BBCH 22-24

		28

		14.153



		Gin trash

		

		BBCH 99

		169

		0.310



		Lint

		

		

		169

		0.007



		Seeds

		

		

		169

		0.045



		Gin trash

		2 foliar applications

383 g a.i./ha

		BBCH 99

		15

		2.344



		Lint

		

		

		15

		8.846



		Seeds

		

		

		15

		0.068









B.7.1.4.5.2	Extraction and characterization of residues

The main portion of radioactivity in the intermediate (single application), gin trash (single and double application and lint (double application was extracted conventionally by acetonitrile/water mixtures. For gin trash, additional exhaustive extraction steps were applied to the solids of the conventional extraction. Exhaustive extraction comprised two extraction steps with acetonitrile/water mixtures at increased temperature (120°C) using a microwave-assisted extraction system. Extraction efficiencies ranged from 28.3% of the TRR for seeds (single application) to 99.2% for lint (double application).  HPLC analysis of the conventional and exhaustive extracts of the intermediate, gin trash, seeds and lint after both spray scenarios revealed that all metabolite profiles were comparable. 



Parent and major metabolites were identified either by HPLC and TLC co-chromatography (two independent chromatographic systems) or by mass spectroscopic means (LC-MS/MS) in the gin trash extracts. Minor compounds were assigned by comparison with the corresponding profiles of the cotton metabolism study with [furanone-4-14C]-BYI 02960.



The main compound in all cotton matrices, except for seeds of the single application experiment, was parent, even after only one treatment with a long PHI (169 days).  In seeds of the single application experiment, 6-CNA was the only component identified. It is noted that this result confirms that weak acids have a pronounced phloem mobility and are therefore transported selectively into the seeds as the phloem sink.  Initial formation of 6-CNA most probably took place in the leaves, which is in line with the finding that 6-CNA as a main metabolite detected in gin trash. 6-CNA was also detected in the seeds of the double application experiment, however it was in smaller quantities and considered a minor metabolite. Separation of seeds and lint was performed manually and resulted in undelinted seeds, i.e. the seeds were still covered by lint fibres. Thus,  it is not uncommon to detect the major residues of lint in the seed extract. Since lint showed only high residues in the double application experiment, interfering residues were only detected in seeds of this experiment.



The fraction comprising the metabolites BYI 02960-OH-glyc and BYI 02960-acetic acid represented a major portion of the TRR in all sample matrices, except for seeds. These compounds co-eluted when using the neutral HPLC method for metabolite profiling. Therefore, the fraction was isolated from the gin trash extracts and was re-analysed with an acidic mobile phase. Both compounds were very well separated using the acidic method and identification of both compounds became feasible by either HPLC co-chromatography with an authentic reference compound (BYI 02960-OH-glyc) or by LC-MS/MS (BYI 02960-acetic acid). The authentic reference compound used for co-chromatography was a metabolite isolated and identified in the apple metabolism study. The hexose in the conjugate was unambiguously assigned to D-glucose and the hydroxy group was located in the 5-position of the molecule. 



In gin trash of the first application experiment, BYI 02960-OH was identified as an additional major metabolite. All other metabolites detected in gin trash, seeds and lint and as well in the intermediate were minor, and did not exceed 10% of the TRR in either the single or the double application experiment. In a first step metabolites in gin trash were identified by HPLC comparison. The metabolite profiles of the gin trash extracts were compared with the corresponding profiles obtained in the cotton metabolism study with [furanone-4-14C]-BYI 02960. Assignment of the metabolites in all other matrices was completed by comparison of the gin trash profiles with all other metabolite profiles. 



 A summary of the results is given in Tables B.7.1.4-8 and -9.






Table B.7.1.4-8: TRR values and distribution of parent and metabolites in cotton matrices  after a single foliar treatment of [Pyridinylmethyl-14C]-BYI 02960.

		Single Application



		Matrix

		intermediate

		gin trash

		Seeds



		TRR [mg/kg] 

		14.153

		0.310

		0.045



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		BYI 02960 

		36.9

		5.221

		24.7

		0.077

		---

		---



		6-CNA

		2.1

		0.298

		18.5

		0.057

		16.2

		0.007



		glyoxylic acid

		1.5

		0.209

		2.1

		0.007

		---

		---



		acetic acid-glyc

		6.4

		0.899

		---

		---

		---

		---



		OH-glyc / acetic acid

		25.1

		3.559

		12

		0.037

		---

		---



		OH

		1.2

		0.168

		13.4

		0.042

		---

		---



		bromo/chloro

		0.5

		0.064

		---

		---

		---

		---



		Subtotal identified

		73.7

		10.418

		70.7

		0.22

		16.2

		0.007



		unknown 1

		---

		---

		2.5

		0.008

		5.7

		0.003



		unknown 2

		---

		---

		0.6

		0.002

		---

		---



		unknown 3

		1.4

		0.196

		---

		---

		---

		---



		unknown 4

		2.8

		0.403

		3.4

		0.01

		---

		---



		unknown 5

		1.1

		0.159

		1

		0.003

		---

		---



		unknown 6

		6.6

		0.935

		0.6

		0.002

		---

		---



		unknown 7

		3.9

		0.551

		---

		---

		---

		---



		unknown 10

		1.9

		0.27

		---

		---

		---

		---



		unknown 11

		1.9

		0.273

		1.2

		0.004

		---

		---



		unknown 12

		0.9

		0.13

		0.6

		0.002

		---

		---



		Subtotal characterised

		20.5

		2.917

		9.9

		0.031

		5.7

		0.003



		Total conventional extraction

		94.2

		13.335

		80.6

		0.251

		21.9

		0.010



		BYI 02960 (parent)

		-- 

		-- 

		1.6

		0.005

		---

		---



		6-CNA

		 --

		-- 

		1.7

		0.005

		---

		---



		OH-glyc / acetic acid

		 --

		-- 

		1.7

		0.005

		---

		---



		OH

		 --

		-- 

		1.1

		0.003

		---

		---



		Subtotal identified

		 --

		-- 

		6.1

		0.019

		---

		---



		unknown 1

		 --

		 --

		3.8

		0.012

		---

		---



		unknown 11

		 --

		 --

		0.5

		0.002

		---

		---



		Subtotal characterised

		 --

		 --

		4.3

		0.013

		---

		---



		Total microwave extraction

		---

		---

		10.4

		0.032

		---

		---



		Total identified

		73.6

		10.419

		76.8

		0.238

		16.2

		0.007



		Total characterised

		20.6

		2.917

		14.2

		0.044

		5.7

		0.003



		Analysed extracts

		94.2

		13.336

		91

		0.282

		21.9

		0.010



		Losses

		0.7

		0.105

		0.9

		0.003

		6.5

		0.003



		Total extracted

		94.9

		13.441

		91.9

		0.285

		28.3

		0.013



		Post-extraction solids (PES)

		5

		0.713

		8

		0.025

		71.7

		0.032



		Accountability

		100

		14.154

		100

		0.310

		100

		0.045



		

		

		

		

		

		

		



		

		

		

		

		

		

		












Table B.7.1.4-9:  TRR values and distribution of parent and metabolites in  cotton 

matrices after two foliar treatments of [Pyridinylmethyl-14C]-BYI 02960.

		Double Applications



		Matrix

		gin trash

		lint

		Seeds



		TRR [mg/kg]  

		2.344

		8.846

		0.068



		(BYI 02960-) Equivalents 

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		BYI 02960 (parent)

		51.3

		1.204

		73

		6.455

		23.4

		0.016



		6-CNA

		2

		0.047

		0.4

		0.031

		5

		0.003



		glyoxylic acid

		1.5

		0.035

		0.2

		0.015

		---

		---



		acetic acid-glyc

		3.6

		0.085

		---

		---

		---

		---



		OH-glyc / acetic acid

		20.6

		0.484

		14.6

		1.295

		4.9

		0.003



		OH

		1.3

		0.03

		---

		---

		---

		---



		bromo/chloro

		2.1

		0.049

		1.6

		0.14

		---

		---



		Subtotal identified

		82.4

		1.934

		89.8

		7.936

		33.3

		0.023



		unknown 1

		0.4

		0.01

		---

		---

		---

		---



		unknown 2

		0.2

		0.005

		---

		---

		---

		---



		unknown 3

		0.1

		0.004

		---

		---

		---

		---



		unknown 4

		2.2

		0.052

		---

		---

		---

		---



		unknown 5

		1.3

		0.031

		0.3

		0.027

		---

		---



		unknown 6

		---

		---

		0.6

		0.051

		---

		---



		unknown 7

		---

		---

		0.7

		0.064

		---

		---



		unknown 8

		---

		---

		4.9

		0.432

		---

		---



		unknown 9

		---

		---

		1.5

		0.129

		---

		---



		unknown 10

		0.4

		0.009

		0.3

		0.023

		---

		---



		unknown 11

		1.4

		0.033

		0.8

		0.07

		5.2

		0.003



		unknown 12

		---

		---

		0.5

		0.04

		---

		---



		Subtotal characterised

		6.0

		0.144

		9.6

		0.836

		5.2

		0.003



		Total conventional extraction

		88.4

		2.078

		99.4

		8.772

		38.5

		0.026



		BYI 02960 (parent)

		1.9

		0.044

		---

		---

		---

		---



		6-CNA

		0.2

		0.005

		---

		---

		---

		---



		acetic acid-glyc

		0.1

		0.002

		---

		---

		---

		---



		OH-glyc / acetic acid

		1.8

		0.042

		---

		---

		---

		---



		Subtotal identified

		3.9

		0.092

		---

		---

		---

		---



		unknown 1

		0.1

		0.004

		---

		---

		---

		---



		unknown 2

		0.1

		0.002

		---

		---

		---

		---



		unknown 5

		0.1

		0.003

		---

		---

		---

		---



		unknown 6

		0.2

		0.004

		---

		---

		---

		---



		unknown 11

		0.2

		0.006

		---

		---

		---

		---



		Subtotal characterised

		0.8

		0.018

		---

		---

		---

		---



		Total microwave extraction

		4.7

		0.11

		---

		---

		---

		---



		Total identified

		86.5

		2.028

		89.7

		7.936

		33.3

		0.023



		Total characterised

		6.9

		0.162

		9.5

		0.836

		5.2

		0.003



		Analysed extracts

		93.4

		2.19

		99.2

		8.772

		38.5

		0.026



		Losses

		3.8

		0.089

		<0.1

		<0.001

		27.6

		0.019



		Total extracted

		97.2

		2.279

		99.3

		8.773

		66.1

		0.045



		Post-extraction solids (PES)

		2.8

		0.065

		0.8

		0.073

		33.9

		0.023



		Accountability

		100

		2.344

		100

		8.846

		100.0

		0.068







B.7.1.4.5.3	Storage stability of residues

Extraction experiments and the first HPLC analyses for quantification were performed within 9 weeks (61 days) after harvest of the cotton plants. The extracts were analysed after 6 days following the start of extraction at the latest. An exception was the analysis of the seed extracts. The extracts of the seeds from the single application experiment, and the double application experiment were analysed 35 days and 49 days following the start of extraction, respectively. The storage stability of the compounds, present in the seed extracts, was shown by repeating the extraction of seeds of the single application experiment after 5 months. HPLC analysis was done 8 days following the start of extraction. The metabolite profile looked very similar to the one of the first extraction. Hence, the first profile was deemed adequate for quantification despite the prolonged storage period of the extract. Additionally, stability of parent, 6-CNA, BYI 02960-acetic acid, BYI 02960-OH-glyc and BYI 02960-OH was proven in a grain extract for at least 21 months in the confined rotational crop study with [Pyridinylmethyl-14C]-BYI 02960. Therefore, analysis of the extracts of seeds and quantification of the resulting metabolic profiles was deemed acceptable despite the prolonged storage period.



Since the first metabolic analysis of the RACs as well as the last experiments with extracts (HPLC co-chromatography) took place within 5.5 months, no further stability investigations were necessary according to OECD Guidance for the Testing of Chemicals 501 (2007).

B.7.1.4.6. 	Conclusion

 In both the double and single application experiments, residues were dominated by parent except for seeds receiving a single foliar application. In total, seven different metabolites were identified in gin trash and the intermediate.

Four metabolic routes of [Pyridinylmethyl-14C]-BYI 02960 were observed in cotton:

· oxidative degradation of the furanone moiety to an acetic acid group followed by conjugation with a carbohydrate or by further oxidation,

· cleavage of the pyridinylmethylamine bond followed by oxidation of the methylene group to 6-CNA, 

· hydroxylation of the methylene group of the furanone moiety, followed by further conjugation steps (i.e. glycosylation), and

· halogenation (bromination and most probably chlorination, as well) of the furanone moiety.



It is specutlated that halogenation of the furanone moiety of the active substance occurred in the soil. 



On the basis of the results of this study the following metabolic pathway is proposed.












Figure B.7.1.4-2:	Proposed metabolic pathway of [Pyridinylmethyl-14C]-BYI 02960 in cotton

[image: ]

B.7.1.4.7 Overall Conclusion for Cotton (single and double foliar applications)

Identification/characterizastion in cottonseeds was only achieved with the pyridinylmethyl-14C label following a single application, or double applications. When cottonseeds were treated with one foliar application, 6-CNAwas the only identified component (16.2% of the TRR), whereas parent was the main metabolite (23.4%) after applications. For the [furanone-4-14C]-BYI 02960, the overall radioactive residues in cotton seeds were very low in both experiments and did not exceed 0.016 mg/kg. Analysis of the extracts was not feasible and therefore, elucidation of the metabolic behaviour of BYI 02960 was based on the gin trash extracts of both experiments, an intermediate extract of the single application experiment, and the lint extract of the double application experiment. 



In the intermediate cotton plants, the main components were parent (42.3-53.2% of the TRR), and co-eluting metabolites BYI 02960-acetic acid and BYI 02960-OH-glyc (22.4-24.9% of the TRR). The predominant residues in cotton gin trash, from a single application with each radiolabel, were parent (26.3-40% of the TRR), 6-CNA (20.2% of the TRR), BYI-02960-OH, and co-eluting metabolites BYI 02960-acetic acid and BYI 02960-OH-glyc (20.8-22.4% of the TRR). Following a double foliar application from each of the radiolabels, the predominant residues in cotton lint were parent (70.3-73% of the TRR), and the co-eluted metabolites OH-glyc/acetic acid (13.9-14.6% of the TRR).




Table B.7.1.4-10: Summary of characterized and identified radioactive residues in cotton 

matrices after one foliar application of [Furanone-4-14C] and [Pyridinylmethyl-14C]-BYI 02960.

		Application

		Single application 



		Matrix

		intermediate

		gin trash

		intermediate

		gin trash

		seeds



		TRR [mg/kg]  

		12.391

		0.191

		14.153

		0.310

		0.045



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Radiolabel

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]



		BYI 02960 

		42.3

		5.237

		40.0

		0.076

		36.9

		5.221

		26.3

		0.082

		---

		---



		6-CNA

		--

		--

		--

		--

		2.1

		0.298

		20.2

		0.063

		16.2

		0.007



		glyoxylic acid

		---

		---

		0.9

		0.002

		1.5

		0.209

		2.1

		0.007

		---

		---



		acetic acid-glyc

		8.6

		1.068

		---

		---

		6.4

		0.899

		---

		---

		---

		---



		OH-glyc / acetic acid

		24.9

		3.082

		15.7

		0.030

		25.1

		3.559

		13.7

		0.043

		---

		---



		OH

		---

		---

		13.1

		0.025

		1.2

		0.168

		14.5

		0.045

		---

		---



		bromo/chloro

		0.7

		0.089

		0.6

		0.001

		0.5

		0.064

		---

		---

		---

		---



		Total identified

		76.5

		9.476

		70.3

		0.134

		73.6

		10.419

		76.8

		0.238

		16.2

		0.007



		Total characterised

		13.4

		1.665

		7.4

		0.014

		20.6

		2.917

		14.2

		0.044

		5.7

		0.003



		Analysed extracts

		89.9

		11.141

		77.7

		0.148

		94.2

		13.336

		91.0

		0.282

		21.9

		0.010



		Losses

		0.4

		0.053

		2.6

		0.005

		0.7

		0.105

		0.9

		0.003

		6.5

		0.003



		Total extracted

		90.3

		11.194

		80.3

		0.153

		95.0

		13.440

		92.0

		0.285

		28.3

		0.013



		Post-extraction solids (PES)

		9.7

		1.197

		19.7

		0.038

		5.0

		0.713

		8.0

		0.025

		71.7

		0.032



		Accountability

		100

		12.391

		100

		0.191

		100

		14.153

		100

		0.310

		100

		0.045







Table B.7.1.4-11:  Summary of characterized and identified radioactive residues in cotton 

matrices after two foliar applications of [Furanone-4-14C] and [Pyridinylmethyl-14C]-BYI 02960.

		Application

		double application 



		Matrix

		gin trash

		lint

		gin trash

		lint

		seeds



		TRR [mg/kg] 

		2.767

		4.993

		2.344

		8.846

		0.068



		(BYI 02960-) Equivalents

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg

		% TRR

		mg/kg



		Radiolabel

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]



		BYI 02960 

		54.4

		1.505

		70.3

		3.512

		53.2

		1.247

		73.0

		6.455

		23.4

		0.016



		6-CNA

		--

		--

		--

		--

		2.2

		0.053

		0.4

		0.031

		5.0

		0.003



		glyoxylic acid

		1.6

		0.044

		0.2

		0.009

		1.5

		0.035

		0.2

		0.015

		---

		---



		acetic acid-glyc

		2.3

		0.063

		---

		---

		3.7

		0.087

		---

		---

		---

		---



		OH-glyc / acetic acid

		20.8

		0.577

		13.9

		0.694

		22.4

		0.526

		14.6

		1.295

		4.9

		0.003



		OH

		0.6

		0.016

		---

		---

		1.3

		0.030

		---

		---

		---

		---



		bromo/chloro

		2.3

		0.063

		1.6

		0.078

		2.1

		0.049

		1.6

		0.140

		---

		---



		Total identified

		81.9

		2.268

		86.0

		4.292

		86.5

		2.028

		89.7

		7.937

		33.3

		0.023



		Total characterised

		11.5

		0.319

		10.6

		0.530

		6.9

		0.162

		9.5

		0.837

		5.2

		0.003



		Analysed extracts

		93.4

		2.587

		96.6

		4.822

		93.4

		2.190

		99.2

		8.774

		38.5

		0.026



		Losses

		2.3

		0.065

		<0.1

		<0.001

		3.8

		0.089

		<0.1

		<0.001

		27.6

		0.019



		Total extracted

		95.8

		2.652

		96.6

		4.823

		97.2

		2.279

		99.2

		8.775

		66.1

		0.045



		Post-extraction solids (PES)

		4.2

		0.116

		3.4

		0.170

		2.8

		0.065

		0.8

		0.073

		33.9

		0.023



		Accountability

		100

		2.768

		100

		4.993

		100

		2.344

		100

		8.848

		100

		0.068





On basis of the metabolites identified, biotransformation of BYI 02960 in cotton is postulated to proceed by the following pathways:

· oxidative cleavage of the difluoroethylamine bond and formation of difluoroacetic acid (see B.7.1.6).

· oxidative degradation of the furanone moiety to an acetic acid group followed either by conjugation with a carbohydrate or by further oxidation to BYI 02960-glyoxylic acid

· oxidative cleavage of the pyridinylmethylamine bond and formation of 6-chloronicotinic acid (6-CNA)

· hydroxylation of the furanone moiety followed by conjugation with glucose

· halogenation (bromination and most probably chlorination, as well) of the furanone moiety



Halogenation of the furanone moiety of the active substance probably occurred in the soil. 



Cleavage to form difluoroacetic acid would not be observed.  The presence of DFA was confirmed by analysis of samples for non-radiolabled DFA.  Please see B.7.16.



The positions involved in the metabolic degradation are summarised in the following figure.



Figure B.7.1.4-3:	Positions involved in metabolic degradation of BYI 02960 in cotton matrices
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B.7.1.5  	Metabolism in paddy rice (foliar or granular application)

Metabolism studies in paddy rice were conducted with [Furanone-4-14C]- and [Pyridinylmethyl-14C]-BYI 02960.



		Reference:

		KIIA 6.2.1/10



		Report:

		Metabolism of [Furanone-4-14C]-BYI 02960 in paddy rice. S. Schmeling and E. Weber. 2011



		Report No.:

		MEF-11/058
M-414219-01-2



		MRID:

		48843810



		Guidelines:

		OECD 501 Metabolism in Crops

US EPA Residue Chemistry Test Guideline OPPTS 860.1300: Nature of the Residue – Plants, Livestock

PMRA Regulatory Directive Dir98-02: Residue Chemistry Guidelines Section 2: Nature of the Residue – Plants, Livestock

Japanese MAFF, 12 Nousan 8147

European Parliament and Council Regulation (EC) No 1107/2009



		Testing Facility:

		Bayer CropScience AG

Development - Environmental Safety

Metabolism/ADME and Environmental Fate

40789 Monheim am Rhein, Germany



		Testing Facility Report No:

		M1731871-8



		GLP:

		Yes



		Study reliability:

		Fully reliable







The purpose of the study was to investigate the metabolism of [Furanone-4-14C]-BYI 02960 in paddy rice according to the maximum anticipated global use pattern. Two different methods of application were covered in this study. One experiment consisted of a granular treatment (GR) with [Furanone-4-14C]-BYI 02960 applied during the transplanting of the rice seedlings at an actual application rate of 409 g a.i./ha. In the second experiment, [Furanone-4-14C]-BYI 02960 was formulated as SL 200 and applied twice as spray treatment (SP) onto plants as well as the water surface. The first spray application took place directly after transplanting of the rice seedlings at a rate of 175 g a.i./ha and the second approximately one month before harvest at a rate of 240 g a.i./ha. 



B.7.1.5.1	Materials and methods



B.7.1.5.1.1	Crop



The rice was variety “Nihonbare”, Oryza sativa L.  The soil was “Monheim 4” (sandy loam soil from Germany), pH (CaCl2) = 6.8, 69% sand, 18% silt and 13% clay, 1.2% organic carbon, cation exchange capacity (CEC) of 8.3 meq/100 g.   Each experiment was conducted in a planting container with a surface area of 0.5 m2. The plants were cultivated in a climate chamber in a greenhouse under controlled environmental conditions.  The soil was submerged and kept under paddy conditions. An adequate water level was maintained for optimal growing conditions. 



B.7.1.5.1.2	Test Material

		Chemical structure

		[image: ]

		





*	position of the 
	radiolabel



		Radiolabelled test material

		[Furanone-4-14C]-BYI 02960



		Specific radioactivity

		3.94 MBq/mg (106.46 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 99% (HPLC and TLC)







The supplied radiolabelled test compound [Furanone-4-14C]-BYI 02960 was dissolved in acetonitrile. Formulation of the test compound was performed prior to each application. For the granular application, a GR type formulation was simulated. An adequate portion of the stock solution was concentrated under a constant flow of nitrogen. The concentrate was then mixed with Sepiolite 30/60, a carrier granule, and the remaining solvent was evaporated yielding the ready-to-use granules. For the preparation of the SL 200 formulation, an adequate portion of the stock solution was transferred into a special glass vial and evaporated to dryness. The liquid blank formulation was added to the test item using a magnetic stirrer. The mixture was diluted with water to get the aqueous application solutions.



B.7.1.5.1.3.	Application

Two experiments were performed representing the intended application types in rice (granular application and spray treatment). For the granular application, the granules were distributed equally in the planting holes directly before the seedlings (BBCH 13-15) were transplanted into the holes. After transplanting of the seedlings, the planting container was flooded with water to simulate paddy conditions. An actual amount of 80.6 MBq or 20.5 mg a.i. was applied, corresponding to 409 g a.i./ha.



For the spray application, a defined volume of the aqueous application solution was filled into the bottle of a hand pump sprayer. The first application was performed after transplanting of the seedlings and flooding of the planting container. The application solution was sprayed equally onto the plants and the water surface. An actual amount of 34.6 MBq or 8.8 mg a.i. was applied at the first application, corresponding to an actual application rate of 175 g a.i./ha. In the second application at 29 days before harvest, an actual amount of 240 g a.i./ha was applied (47.2 MBq or 12.0 g). 



B.7.1.5.1.4	Sampling

In both experiments, the rice was harvested at maturity (BBCH 89-92). The PHI was 29 days for the double (spray) application,  and the PHI was 127 days for the single (granular) application. The panicles were cut off from the plants and the rice kernels were separated from panicles and husks with an automatic husking machine. The remaining plant parts (straw) were cut off just above the soil surface with scissors. The straw was then cut into pieces and combined with the empty panicles. All plant parts were dried at room temperature for five days. The samples were further processed directly after drying using a Polytron homogenizer and liquid nitrogen. The homogenized samples (kernels, husks and straw) were stored in a freezer (≤-18°C) until analysis.



B.7.1.5.1.5	Analytical procedures

Prior to extraction, the homogenized sample materials were soaked in a solvent mixture of acetonitrile/water (8:2; v/v) for one night. Three extraction steps were done with acetonitrile/water (8:2; v/v), followed using an Ultraturrax high speed blender. The radioactivity in the extracts was determined by LSC, in the solids by combustion followed by LSC. The actual TRR values of the samples were determined by summing up the radioactivity measured in the extracts and in the remaining solids. All extracts were combined per matrix. The extracts of the sample materials husks and straw were subjected to a clean-up step using an SPE RP 18 cartridge (Phenomenex, Strata C18-E, 20 g), which was conditioned with acetonitrile/water (8:2; v/v) beforehand. The flow-through fraction (percolate) was collected and the cartridge was rinsed four times with 60 mL of acetonitrile/water (8:2; v/v). The percolate and the acetonitrile/water fraction were combined, mixed with a small amount of emulsifier and concentrated by rotary evaporation in vacuo for HPLC analysis. Non-polar contaminations on the cartridge were eluted by rinsing with methanol/dichloromethane (1:1; v/v). Volume and radioactivity of this fraction was also determined. Extracts of kernels were concentrated and analysed by HPLC without any additional purification step.



The post-extraction solids (PES) of kernels and straw of both experiments were subjected to an exhaustive extraction procedure. The solids were extracted in a first step with acetonitrile/water (8:2; v/v) and in a second step with acetonitrile/water (1:1; v/v) using a microwave-assisted extraction system (120 °C for 15 min.). After each extraction step, extracts and solids were separated by filtration. The radioactivity in the extracts was determined by LSC, in the solids by combustion followed by LSC. The two extracts were combined per matrix, purified by SPE and concentrated by rotary evaporation in vacuo for HPLC analysis. The solids of rice kernels of both experiments were subjected to an additional third microwave extraction step with sodium chloride/water (1:99; w/v). This exhaustive extract of the granule treatment was further purified by partitioning with dichloromethane under addition of Celite. The corresponding exhaustive extract of rice kernels from the spray treatment was subjected to a diastase treatment (pH 5, 26 °C, 20 h) before partitioning with dichloromethane and Celite. The resulting organic phases were separated from the aqueous phases, the volumes were measured and aliquots were radioassayed by LSC. 



Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Identification of parent and metabolites common to both radiolabels was based on the metabolite profiles obtained in the rice metabolism study with [Pyridinylmethyl-14C]-BYI 02960. In this study parent and all metabolites common to both radiolabels were identified by LC-MS/MS after semi-preparative isolation of the compounds or by HPLC co-chromatography with authentic reference compounds. Thus assignment of compounds in the present study was possible by comparing the metabolite profiles. Some of these assignments were additionally confirmed by HPLC co-chromatography with reference compounds. The only label-specific metabolite detected was identified by TLC co-chromatography with the polar fraction isolated and identified in the tomato metabolism study. Additionally, two non-polar metabolites were identified by LC-MS/MS after isolation of the compounds.



B.7.1.5.2	Results and Discussion



B.7.1.5.2.1	Total radioactive residues in plant samples

The TRR levels in the samples of the granular treatment were lower compared to those of the spray treatment. The TRR in RAC rice kernels accounted for 0.140 mg/kg after granular application and for 0.659 mg/kg after spray application. Straw showed a TRR of 2.879 mg/kg after granular application, whereas the TRR amounts to 19.891 mg/kg in straw from the spray experiment.



The radioactive residues were efficiently extracted with acetonitrile/water mixtures. When necessary, additional exhaustive extraction steps were applied to the solids of the conventional extraction. Extraction efficiencies ranged from 68.7% of the TRR for kernels (GR) to 93.6% for straw (SP) after exhaustive extraction. Exhaustive extraction comprised two extraction steps with acetonitrile/water mixtures and for kernels one additional with an aqueous sodium chloride solution at increased temperature (120°C) using a microwave-assisted extraction system. 



Table B.7.1.5-1: Overall TRRs in Rice Matrices Treated with [Furanone-4-14C]-BYI 02960.

		Matrix

		Application Type

		Growth stage

		PHI (days)

		TRR (mg/kg)



		Rice kernels

		1 granular application at transplant

409 g a.i./ha

		BBCH 89-92

		127

		0.140



		Rice husks

		

		

		127

		1.404



		Rice straw

		

		

		127

		2.879



		Rice kernels

		2 foliar applications

415 g a.i./ha/season

		BBCH 89-92

		29

		0.659



		Rice husks

		

		

		29

		24.098



		Rice straw

		

		

		29

		19.891







B.7.1.5.2.2	Extraction and characterization of residues

For the granular application, identification was achieved at 50% (rice grain), 74% (rice husks), and 86% (rice straw).  For the foliar application, identification was achieved at 68% (rice grain), 86% (rice husks), and 84% (rice straw).  



The main compound in all rice matrices, except for rice kernels after granular application, was parent.  It was identified unambiguously in the extracts of straw in the rice metabolism study performed with [Pyridinylmethyl-14C]-BYI 02960 (see below). Confirmation of the assignment was achieved in rice kernels and rice straw (RACs) in the present study by HPLC co-chromatography with a radiolabelled reference compound. The main metabolite in rice kernels after granular application was the natural compound glucose/carbohydrates. This metabolite was isolated from the conventional extract of kernels and identified by TLC co-chromatography using the glucose fraction isolated and identified in the tomato metabolism study. Since conventional solvent extraction did not release the total amount of natural compounds, an additional exhaustive extraction step with an aqueous sodium chloride solution using a microwave-assisted extraction system at increased temperature (120°C) was applied. Partitioning of the extract with dichloromethane under addition of Celite showed that by far the majority of the radioactivity remained in the aqueous phase and indicated the presence of natural compounds. HPLC analysis of the aqueous phase confirmed the assumption. Nearly 90% of the extract was represented by glucose/carbohydrates. In all other matrices, glucose/carbohydrates were assigned by profile comparison. 



In rice straw, BYI 02960-bromo was identified as the only major metabolite present. It co-eluted with BYI 02960-chloro, which accounted for significant lower concentrations. Both metabolites were identified by LC-MS/MS analysis in rice straw in the spray application experiment following isolation of the fraction containing both compounds. Most probably, halogenation of the furanone moiety of the active substance occurred already in the paddy soil and the metabolite was taken up by the rice plants. All other metabolites detected in the sample matrices of rice were minor metabolites. They did not exceed 10% of the TRR in both application experiments. In kernels and straw, the presence of metabolites BYI 02960-acetic acid and BYI 02960-OH was confirmed by HPLC co-chromatography and the metabolites BYI 02960-glyoxylic acid and BYI 02960-acetic acid-glyc were identified by comparing the HPLC profiles of the extracts with the corresponding ones obtained in the rice study with the other radiolabel. Co-elution of metabolite BYI 02960-OH-glyc with metabolite BYI 02960-acetic acid was not expected since HPLC-MS/MS analysis of the isolated peak in the corresponding rice metabolism study with [Pyridinylmethyl-14C]-BYI 02960 showed only BYI 02960-acetic acid. Compounds in the extracts of husks and in the exhaustive extracts were also assigned by comparison of profiles.



 A summary of the compounds identified and characterized is given in Table B.7.1.5-3 and Table B.7.1.5-4






Table B.7.1.5-3: TRR values and distribution of parent and metabolites in rice matrices after a single granular application of [Furanone-4-14C]-BYI 02960.

		Application

		Granular application 



		Matrix

		Kernels

		Husks

		Straw



		

		

		

		



		TRR [mg/kg]  

		0.140

		1.404

		2.879



		 (BYI 02960-) Equivalents

		% of TRR

		mg/kg

		% of TRR

		mg/kg

		% of TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		17.5

		0.024

		72.3

		1.016

		57.6

		1.658



		glucose/carbohydrates

		1.7

		0.002

		1

		0.014

		3.1

		0.088



		glyoxylic acid

		---

		---

		---

		---

		1.7

		0.05



		acetic acid

		---

		---

		0.4

		0.006

		1.8

		0.051



		OH

		---

		---

		---

		---

		0.8

		0.024



		bromo/chloro

		---

		---

		0.6

		0.008

		10.6

		0.306



		Subtotal identified

		19.2

		0.026

		74.3

		1.044

		75.6

		2.177



		unknown 1

		---

		---

		---

		---

		0.8

		0.023



		unknown 3

		---

		---

		1.3

		0.019

		1.1

		0.031



		unknown 5

		---

		---

		---

		---

		1.1

		0.033



		unknown 7

		---

		---

		---

		---

		0.4

		0.012



		Subtotal characterised

		---

		---

		1.3

		0.019

		3.4

		0.099



		Total conventional extr.

		19.2

		0.026

		75.6

		1.063

		79.0

		2.276



		Microwave extraction



		BYI 02960 (parent)

		5.6

		0.008

		 

		 

		6.4

		0.183



		glucose/carbohydrates

		---

		---

		 

		 

		2.3

		0.066



		glyoxylic acid

		---

		---

		 

		 

		0.2

		0.007



		acetic acid

		---

		---

		 

		 

		0.2

		0.007



		OH

		---

		---

		 

		 

		0.2

		0.005



		bromo/chloro

		---

		---

		 

		 

		0.8

		0.022



		Subtotal identified

		5.6

		0.008

		 

		 

		10.1

		0.29



		unknown 3

		---

		---

		 

		 

		0.4

		0.011



		unknown 4

		---

		---

		 

		 

		0.3

		0.007



		unknown 5

		---

		---

		 

		 

		0.2

		0.005



		Subtotal characterized

		---

		---

		 

		 

		0.9

		0.023



		Total microwave extr.

		5.6

		0.008

		---

		---

		11.0

		0.313



		Exhaustive NaCl extraction



		organic phase

		0.8

		0.001

		 

		 

		 

		 



		glucose/carbohydrates

		25.2

		0.035

		 

		 

		 

		 



		Subtotal identified

		25.2

		0.035

		 

		 

		 

		 



		unknown 2

		3.4

		0.005

		 

		 

		 

		 



		Subtotal characterized

		4.2

		0.006

		 

		 

		 

		 



		Total exh. NaCl extraction

		29.4

		0.041

		---

		---

		---

		---



		Total identified

		50.0

		0.069

		74.3

		1.044

		85.7

		2.467



		Total characterised

		5

		0.006

		1.3

		0.019

		4.2

		0.122



		Analysed extract(s)

		55.0

		0.075

		75.6

		1.063

		89.9

		2.589



		Losses

		14.4

		0.02

		n.q.

		n.q.

		1.3

		0.037



		Total extracted

		69.4

		0.097

		75.6

		1.063

		91.2

		2.626



		Post-extraction solids (PES)

		31.3

		0.044

		24.4

		0.342

		8.8

		0.254



		Accountability

		100

		0.141

		100

		1.405

		100

		2.880



		

		

		

		

		

		

		



		

		

		

		

		

		

		








Table B.7.1.5-4	:  TRR values and distribution of parent and metabolites in rice matrices after a two spray application of [Furanone-4-14C]-BYI 02960.

		Application

		Spray application



		Matrix

		Kernels

		Husks

		Straw



		

		

		

		



		TRR [mg/kg] 

		0.659

		24.098

		19.891



		(BYI 02960-) Equivalents 

		% of TRR

		mg/kg

		% of TRR

		mg/kg

		% of TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		53.3

		0.351

		74.6

		17.972

		52.9

		10.527



		glucose/carbohydrates

		1.9

		0.012

		2.1

		0.497

		2

		0.401



		glyoxylic acid

		---

		---

		---

		---

		2

		0.393



		acetic acid-glyc

		0.4

		0.003

		0.2

		0.054

		1.7

		0.329



		acetic acid

		5.9

		0.039

		7

		1.693

		7.2

		1.432



		OH

		---

		---

		---

		---

		0.4

		0.081



		bromo/chloro

		1.7

		0.011

		1.6

		0.389

		10.1

		2.016



		Subtotal identified

		63.2

		0.416

		85.5

		20.605

		76.3

		15.179



		unknown 1

		---

		---

		0.4

		0.092

		0.6

		0.126



		unknown 2

		---

		---

		---

		---

		0.3

		0.053



		unknown 3

		0.9

		0.006

		0.6

		0.138

		0.6

		0.123



		unknown 4

		---

		---

		0.1

		0.033

		0.1

		0.025



		unknown 5

		---

		---

		---

		---

		0.9

		0.173



		unknown 6

		0.9

		0.006

		0.4

		0.103

		1.2

		0.229



		unknown 7

		0.8

		0.005

		2.5

		0.608

		0.2

		0.044



		unknown 9

		---

		---

		0.9

		0.211

		3.1

		0.609



		Subtotal characterised

		2.6

		0.017

		4.9

		1.185

		7.0

		1.382



		Total conv. extraction

		65.8

		0.433

		90.4

		21.79

		83.3

		16.561



		Microwave extraction



		BYI 02960 

		3.3

		0.021

		 

		 

		3.6

		0.72



		glucose/carbohydrates

		1.7

		0.011

		 

		 

		1.4

		0.287



		glyoxylic acid

		---

		---

		 

		 

		0.1

		0.023



		acetic acid-glyc

		---

		---

		 

		 

		0.7

		0.132



		acetic acid

		0.3

		0.002

		 

		 

		0.8

		0.149



		OH

		---

		---

		 

		 

		0.1

		0.025



		bromo/chloro

		---

		---

		 

		 

		0.6

		0.116



		Subtotal identified

		5.3

		0.034

		 

		 

		7.3

		1.452



		unknown 1

		---

		---

		 

		 

		0.3

		0.062



		unknown 3

		---

		---

		 

		 

		0.1

		0.028



		unknown 5

		---

		---

		 

		 

		0.2

		0.033



		unknown 8

		---

		---

		 

		 

		0.2

		0.031



		unknown 9

		---

		---

		 

		 

		1.8

		0.359



		Subtotal characterised

		---

		---

		 

		 

		2.6

		0.513



		Total microwave extr.

		5.3

		0.034

		---

		---

		9.9

		1.965



		Exhaustive NaCl/diastase extraction



		organic phase

		0.9

		0.006

		 

		 

		 

		 



		aqueous phase

		13.7

		0.090

		 

		 

		 

		 



		Total exhaustive extr.

		14.6

		0.096

		---

		---

		---

		---



		Total identified

		68.5

		0.450

		85.5

		20.605

		83.6

		16.631



		Total characterised

		17.2

		0.113

		4.9

		1.185

		9.6

		1.895



		Analysed extract(s)

		85.7

		0.563

		90.4

		21.79

		93.2

		18.526



		Losses

		1.6

		0.01

		0.5

		0.127

		0.5

		0.094



		Total extracted

		87.3

		0.573

		90.9

		21.917

		93.7

		18.62



		Post-extractive solids

		12.8

		0.085

		9.1

		2.182

		6.4

		1.271



		Accountability

		100

		0.658

		100

		24.099

		100

		19.891



		

		

		

		

		

		

		



		

		

		

		

		

		

		








B.7.1.5.2.3	Storage stability of residues

All extraction experiments and the first HPLC analyses were performed within 3.5 months (104 days) after harvest of the rice plants. The extracts were analysed after 5 days following the start of extraction at the latest. Since the first metabolic analysis of the RACs as well as the last experiments with extracts (HPLC co-chromatography) took place within 6 months, no further stability investigations were necessary according to OECD Guidance for the Testing of Chemicals 501 (2007).



B.7.1.5.3	Conclusion

[Furanone-4-14C]-BYI 02960 was moderately metabolized in rice. Residues were dominated by parent in the foliar application experiment. Parent was also the main or the second major compound in all matrices of rice after granular application. Also, complete degradation of the furanone moiety and incorporation of carbon atoms into the natural compound pool, like  glucose/carbohydrates, was observed. 

Four  major metabolic routes of [Furanone-4-14C]-BYI 02960 were observed in rice:

· hydroxylation of the methylene group of the furanone moiety, 

· complete degradation of the furanone moiety and incorporation of carbon atoms into the natural compound pool, 

· oxidative degradation of the furanone moiety to an acetic acid group followed by conjugation with a carbohydrate or further oxidation, and

· halogenation (mostly bromination, to a minor extent chlorination) of the furanone moiety.



It is speculated that halogenation of the furanone moiety of the active substance probably occurred in the paddy soil. Soil contact with parent resulted in both experiments.



The following metabolic pathway is consistent with the results of the study.








Figure B.7.1.5-1:	Proposed metabolic pathway of [Furanone-4-14C]-BYI 02960 in rice

[image: ]



		
Reference:

		KIIA 6.2.1/11



		Report:

		Metabolism of [Pyridinylmethyl-14C]-BYI 02960 in paddy rice.  S. Schmeling and E. Weber. 2011



		Report No:

		MEF-11/059
M-414328-01-2



		MRID:

		48843811



		Guidelines:

		OECD 501 Metabolism in Crops

US EPA Residue Chemistry Test Guideline OPPTS 860.1300: Nature of the Residue – Plants, Livestock

PMRA Regulatory Directive Dir98-02: Residue Chemistry Guidelines Section 2: Nature of the Residue – Plants, Livestock

Japanese MAFF, 12 Nousan 8147

European Parliament and Council Regulation (EC) No 1107/2009



		Testing Facility:

		Bayer CropScience AG

Development - Environmental Safety

Metabolism/ADME and Environmental Fate

40789 Monheim am Rhein, Germany



		Testing Facility Report No:

		M1731872-9



		GLP:

		Yes



		Study Reliability:

		Fully reliable







The purpose of the study was to investigate the metabolism of [Pyridinylmethyl-14C]-BYI 02960 in paddy rice according to the maximum anticipated global use pattern. Two different methods of application were covered in this study. One experiment was a granular treatment (GR) with [Pyridinylmethyl-14C]-BYI 02960 during the transplanting of the rice seedlings at an application rate of 434 g a.i./ha. In the other experiment, [Pyridinylmethyl-14C]-BYI 02960 was formulated as SL 200 and applied twice as spray treatment (SP) onto plants and the water surface. The first application took place directly after transplanting of the rice seedlings at a rate of 178 g a.i./ha and the second approx. one month before harvest at a rate of 236 g a.i./ha. 



B.7.1.5.4	Material and methods



B.7.1.5.4.1	Crop

The rice was variety “Nihonbare”, Oryza sativa L.   Each experiment was conducted under paddy conditions in a planting container with a surface area of 0.5 m2. The plants were cultivated in a climate chamber in a greenhouse under controlled environmental conditions. The soil was  “Monheim 4” (sandy loam soil from Germany), pH (CaCl2) = 6.8, 69% sand, 18% silt and 13% clay, 1.2% organic carbon, cation exchange capacity (CEC) of 8.3 meq/100 g. The soil was submerged and kept under paddy conditions. An adequate water level was maintained for optimal growing conditions.






B.7.1.5.4.2	Test Material

		Chemical structure

		[image: ]

		





*	position of the 
	radiolabel



		Radiolabelled test material

		[Pyridinylmethyl-14C]-BYI 02960



		Specific radioactivity

		4.37 MBq/mg (118.08 µCi/mg)



		Chemical Purity

		> 99% (HPLC)



		Radiochemical purity

		> 98% (HPLC and TLC)







The supplied radiolabelled test compound [pyridinylmethyl-14C]-BYI 02960 was dissolved in acetonitrile. Formulation of the test compound was performed prior to each application. For the granular application, a GR type formulation was simulated. Therefore, a portion of the stock solution was concentrated under a constant flow of nitrogen. The concentrate was then mixed with Sepiolite 30/60, a carrier granule, and the remaining solvent was evaporated yielding the ready-to-use granules. For the preparation of the SL 200 formulation, an adequate portion of the stock solution was transferred into a special glass vial and evaporated to dryness. The liquid blank formulation was added to the test item and the mixture was homogenized by ultrasonication. Thereafter, the mixture was diluted with water to get the aqueous application solution.



B.7.1.5.4.3	Application

Two experiments were performed representing the intended application types in rice, granular application and spray treatment.  For granular application, the granules were distributed equally in the planting holes directly before the seedlings (BBCH 13-15) were transplanted into the holes. After transplanting of the seedlings, the planting container was flooded with water to simulate paddy conditions. An actual amount of 94.9 MBq or 21.7 mg a.i. was applied, corresponding to 434 g a.i./ha.



For the spray application, a defined volume of the aqueous application solution was filled into the bottle of a hand pump sprayer. The first application was performed after transplanting of the seedlings and flooding of the planting container. The application solution was sprayed equally onto the plants and the water surface. An actual amount of 39.0 MBq or 8.9 mg a.i. was applied at the first application, corresponding to an actual application rate of 178 g a.i./ha. In the second application at 29 days before harvest, an actual amount of 236 g a.i./ha was applied (51.5 MBq or 11.8 g). 



B.7.1.5.4.4	Sampling

In both experiments, the rice was harvested at maturity (BBCH 89-92). The PHI for the granular application was 127 days, and the PHI for the foliar spray application was 29 days.  The panicles were cut off from the plants and the rice kernels were separated from panicles and husks with an automatic husking machine. The remaining plant parts (straw) were cut off just above the soil surface with scissors. The straw was then cut into pieces and combined with the empty panicles. All plant parts were dried at room temperature for five days. The samples were further processed directly after drying using a Polytron homogenizer and liquid nitrogen. The homogenized samples (kernels, husks and straw) were stored in a freezer (≤-18°C) until analysis.



B.7.1.5.4.5	Analytical procedures

Prior to extraction, the homogenized sample materials were soaked in a solvent mixture of acetonitrile/water (8:2; v/v) for one night. Three extraction steps were achieved using acetonitrile/water (8:2; v/v), followed by high speed blending. The radioactivity in the extracts was determined by LSC, in the solids by combustion followed by LSC. The actual TRR values of the samples were determined by summing up the radioactivity measured in the extracts and in the remaining solids. All extracts were combined per matrix. The extracts of the sample materials husks and straw were subjected to a clean-up step using an SPE RP 18 cartridge (Phenomenex, Strata C18-E, 20 g), which was conditioned with acetonitrile/water (8:2; v/v) beforehand. The flow-through fraction (percolate) was collected and the cartridge was rinsed four times with 60 mL of acetonitrile/water (8:2; v/v). The percolate and the acetonitrile/water fraction were combined and concentrated by rotary evaporation in vacuo for HPLC analysis. Non-polar contaminations on the cartridge were eluted by rinsing with methanol/dichloromethane (1:1; v/v). Volume and radioactivity of this fraction was also determined. Conventional extracts of kernels were concentrated and analysed by HPLC without any additional purification step.



The post-extraction solids (PES) of kernels and straw of both experiments were subjected to an exhaustive extraction procedure. The solids were extracted in a first step with acetonitrile/water (8:2; v/v) and in a second step with acetonitrile/water (1:1; v/v) using a microwave-assisted extraction system (120 °C for 15 min.). After each extraction step, extracts and solids were separated by filtration. The radioactivity in the extracts was determined by LSC, in the solids by combustion followed by LSC. The two extracts were combined per matrix, purified by SPE and concentrated by rotary evaporation in vacuo for HPLC analysis. The solids of rice kernels from the spray application experiments were subjected to an additional third microwave extraction step with sodium chloride/water (1:99; w/v). Volume and radioactivity of the resulting extract was determined but it was not combined with the other microwave extracts. It was further subjected to a diastase treatment to characterize the radioactivity incorporated into starch components. Therefore, the extract was buffered with sodium acetate to maintain pH 5.0 and diastase was added. The solution was incubated for 20 h at 26°C while stirring. Afterwards, the pH of the mixture was adjusted to pH 7.0 and the supernatant was separated from the solids by centrifugation. Partitioning with acetonitrile followed after addition of sodium chloride. A second partitioning step with acetonitrile followed after adjusting the aqueous phase to pH 3. HPLC analysis of the aqueous and the organic extracts was not possible due to low radioactivity levels.



Parent and metabolites in the extracts were analysed by reversed-phase HPLC coupled to a radioactivity detector with a glass scintillator cell. Identification of parent, the only major metabolite, and the next most prominent metabolite was performed by mass spectrometry after isolation of the compounds from the rice straw extract after spray application. Assignment of the compounds in other matrices was performed by HPLC co-chromatography or by comparison of the HPLC profiles. Additionally, four minor metabolites were identified in rice straw by HPLC co-chromatography using authentic reference compounds. Confirmation of the assignments by a second chromatographic method was not necessary due to the low residue levels. The presence of the only label-specific metabolite was confirmed in rice kernels by HPLC co-chromatography. Assignment of the other minor compounds in additional matrices was performed by comparison of the HPLC profiles. 



B.7.1.5.5	Results and discussion



B.7.1.5.5.1	Total radioactive residues in plant samples



The TRR levels in the samples of the granular treatment were lower compared to those of the spray treatment. The TRR in RAC rice kernels accounted for 0.050 mg/kg after granular application and for 0.620 mg/kg after spray application. Straw showed a TRR of 3.280 mg/kg after granular application, whereas the TRR amounted to 24.731 mg/kg in straw from the spray experiment.



Table B.7.1.5-5: Overall TRRs in Rice Matrices Treated with [Pyridinylmethyl-14C]-BYI 02960

		Matrix

		Application Type

		Growth stage

		PHI (days)

		TRR (mg/kg)



		Rice kernels

		1 granular application at transplant

434 g a.i./ha

		BBCH 89-92

		127

		0.050



		Rice husks

		

		

		127

		1.602



		Rice straw

		

		

		127

		3.280



		Rice kernels

		2 foliar applications

414 g a.i./ha/season

		BBCH 89-92

		29

		0.620



		Rice husks

		

		

		29

		23.957



		Rice straw

		

		

		29

		24.731









B.7.1.5.5.2	Extraction and characterization of residues

The radioactive residues were efficiently extracted with acetonitrile/water mixtures. When necessary, additional exhaustive extraction steps were applied to the solids after conventional extraction. Extraction efficiencies ranged from 74.3% of the TRR for kernels (GR) to 97.3% for kernels (SP) after exhaustive extraction as shown in Table 7.1.5-6 and Table 7.1.5-7.  Exhaustive extraction comprised two extraction steps with acetonitrile/water mixtures and for kernels (SP) one additional with an aqueous sodium chloride solution at increased temperature (120°C) using a microwave-assisted extraction system. The sodium chloride extract was additionally subjected to a diastase digestion step. 



HPLC analysis of the conventional and exhaustive extracts after both application scenarios revealed that all metabolite profiles were comparable among each other and with the profiles obtained in the rice metabolism study performed with [Furanone-4-14C]-BYI 02960. 



By far, the main compound in all rice matrices was parent. It was identified unambiguously in the conventional extract of straw (SP) by LC-MS/MS and in the exhaustive extract of straw (SP) by HPLC co-chromatography. The compound was isolated from the respective extracts and purified prior to identification. In all other matrices, parent was assigned by comparison of the metabolite profiles. In rice kernel (edible RAC), the assignment was additionally confirmed by HPLC co-chromatography with an authentic reference compound.



One major metabolite (>10% of the TRR) was detected only in rice straw from the granular experiment. The metabolite was identified as BYI 02960-bromo by LC-MS/MS. Co-elution of trace amounts of BYI 02960-chloro are possible since BYI 02960-chloro was identified in the corresponding rice metabolism study with [furanone-4-14C]-BYI 02960 by mass spectrometric means. Halogenation of the furanone moiety of the active substance probably occurred in the paddy soil. Soil contact with parent resulted in both experiments. Either the active substance was applied as granule in the planting holes or a significant portion was sprayed on the water surface and based on findings in aquatic metabolism studies BYI 02960 would be expected to reach the paddy sediment. 



The most prominent metabolite in rice kernels, straw and husks after spray application was BYI 02960-acetic acid, representing between 6.5% and 7.8% of the TRR. It was isolated from straw and identified by LC-MS/MS. In all other matrices assignment of the metabolite was achieved by comparison of metabolite profiles. Additional minor metabolites identified by HPLC co-chromatography were BYI 02960-acetic acid-glyc, BYI 02960-glyoxylic acid, BYI 02960-OH and the label-specific metabolite 6-CNA. 






Table B.7.1.5-6:  TRR values and distribution of parent and metabolites in rice matrices after a single granular application of [Pyridinylmethyl-14C]-BYI 02960.

		Application

		Granular application 



		Matrix

		Kernels

		Husks

		Straw



		TRR [mg/kg]  

		0.050

		1.602

		3.280



		(BYI 02960-) equivalents 

		% of TRR

		mg/kg

		% of TRR

		mg/kg

		% of TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		62.8

		0.032

		77.7

		1.244

		56.2

		1.842



		6-CNA

		---

		---

		0.5

		0.009

		2.9

		0.093



		glyoxylic acid

		---

		---

		---

		---

		0.2

		0.007



		acetic acid

		---

		---

		---

		---

		1.8

		0.058



		OH

		---

		---

		---

		---

		1.1

		0.037



		bromo/chloro

		---

		---

		0.6

		0.01

		11.7

		0.385



		Subtotal identified

		62.8

		0.032

		78.8

		1.263

		73.9

		2.422



		unknown 3

		---

		---

		---

		---

		0.7

		0.023



		unknown 4

		---

		---

		0.8

		0.012

		0.7

		0.022



		unknown 6

		---

		---

		---

		---

		0.5

		0.016



		unknown 7

		---

		---

		---

		---

		1.4

		0.047



		unknown 9

		---

		---

		---

		---

		0.3

		0.011



		unknown 11

		---

		---

		---

		---

		0.4

		0.015



		unknown 12

		---

		---

		---

		---

		0.8

		0.027



		unknown 13

		---

		---

		---

		---

		0.9

		0.031



		unknown 14

		---

		---

		---

		---

		1

		0.033



		Subtotal characterised

		---

		---

		0.8

		0.012

		6.7

		0.225



		Total conventional extr.

		62.8

		0.032

		79.6

		1.275

		80.6

		2.647



		Microwave extraction



		BYI 02960 (parent)

		6.8

		0.003

		---

		---

		3.7

		0.122



		6-CNA

		4.7

		0.002

		---

		---

		1

		0.031



		acetic acid

		---

		---

		---

		---

		0.2

		0.006



		OH

		---

		---

		---

		---

		0.1

		0.004



		bromo/chloro

		---

		---

		---

		---

		0.5

		0.018



		Subtotal identified

		11.5

		0.005

		---

		---

		5.5

		0.181



		unknown 2

		---

		---

		---

		---

		0.2

		0.006



		unknown 3

		---

		---

		---

		---

		0.1

		0.003



		unknown 5

		---

		---

		---

		---

		0.2

		0.005



		unknown 6

		---

		---

		---

		---

		0.1

		0.003



		unknown 12

		---

		---

		---

		---

		0.1

		0.005



		unknown 13

		---

		---

		---

		---

		0.8

		0.025



		unknown 14

		---

		---

		---

		---

		0.3

		0.01



		Subtotal characterised

		---

		---

		---

		---

		1.8

		0.057



		Total microwave extr.

		11.5

		0.005

		---

		---

		7.3

		0.238



		Total identified

		74.3

		0.037

		78.8

		1.263

		79.4

		2.603



		Total characterised

		---

		---

		0.8

		0.012

		8.5

		0.282



		Analysed extract(s)

		74.3

		0.037

		79.6

		1.275

		87.9

		2.885



		Losses

		n.q.

		n.q.

		n.q.

		n.q.

		1.4

		0.046



		Total extracted

		74.3

		0.037

		79.6

		1.275

		89.3

		2.931



		Post-extraction solids

		25.7

		0.013

		20.4

		0.327

		10.7

		0.350



		Accountability

		100

		0.050

		100

		1.602

		100

		3.281



		

		

		

		

		

		

		



		

		

		

		

		

		

		












Table B.7.1.5-7:  TRR values and distribution of parent and metabolites in rice matrices 

after two spray applications of [Pyridinylmethyl-14C]-BYI 02960.

		Application

		Spray application 



		Matrix

		Kernels

		Husks

		Straw



		TRR [mg/kg] 

		0.620

		23.957

		24.731



		 (BYI 02960-) Equivalents

		% of TRR

		mg/kg

		% of TRR

		mg/kg

		% of TRR

		mg/kg



		Conventional extraction



		BYI 02960 (parent)

		72

		0.447

		77.3

		18.526

		56.9

		14.071



		6-CNA

		2.1

		0.013

		0.4

		0.107

		0.9

		0.227



		glyoxylic acid

		0.4

		0.003

		---

		---

		2

		0.505



		acetic acid-glyc

		0.6

		0.003

		0.2

		0.048

		1.2

		0.308



		acetic acid

		7.8

		0.048

		6.5

		1.548

		6.6

		1.631



		OH

		0.4

		0.002

		---

		---

		0.6

		0.146



		bromo/chloro

		1.5

		0.009

		1.2

		0.295

		7.9

		1.955



		Subtotal identified

		84.8

		0.525

		85.6

		20.524

		76.1

		18.843



		unknown 1

		---

		---

		---

		---

		0.1

		0.033



		unknown 2

		---

		---

		---

		---

		0.1

		0.031



		unknown 3

		---

		---

		---

		---

		0.3

		0.079



		unknown 4

		---

		---

		0.4

		0.085

		0.3

		0.068



		unknown 5

		---

		---

		---

		---

		0.2

		0.047



		unknown 6

		---

		---

		0.2

		0.044

		0.2

		0.049



		unknown 7

		---

		---

		---

		---

		0.1

		0.022



		unknown 8

		---

		---

		---

		---

		0.2

		0.042



		unknown 9

		0.5

		0.003

		0.4

		0.09

		0.8

		0.188



		unknown 10

		1.2

		0.008

		1.7

		0.401

		0.3

		0.068



		unknown 11

		---

		---

		---

		---

		0.3

		0.07



		unknown 12

		---

		---

		0.2

		0.044

		0.7

		0.171



		unknown 13

		1.1

		0.007

		0.4

		0.106

		1.1

		0.279



		unknown 14

		0.8

		0.005

		0.9

		0.221

		2.9

		0.718



		Subtotal characterised

		3.6

		0.023

		4.2

		0.991

		7.6

		1.865



		Total conventional extr.

		88.4

		0.548

		89.8

		21.515

		83.7

		20.708



		Microwave extraction



		BYI 02960 (parent)

		3.2

		0.02

		---

		---

		3.9

		0.958



		6-CNA

		0.9

		0.006

		---

		---

		0.3

		0.073



		glyoxylic acid

		---

		---

		---

		---

		0.2

		0.052



		acetic acid-glyc

		---

		---

		---

		---

		0.7

		0.166



		acetic acid

		---

		---

		---

		---

		0.7

		0.183



		OH

		---

		---

		---

		---

		0.2

		0.043



		bromo/chloro

		---

		---

		---

		---

		0.6

		0.139



		Subtotal identified

		4.1

		0.026

		---

		---

		6.6

		1.614



		unknown 1

		---

		---

		---

		---

		<0.1

		0.011



		unknown 2

		---

		---

		---

		---

		0.1

		0.036



		unknown 13

		0.8

		0.005

		---

		---

		1.1

		0.276



		unknown 14

		---

		---

		---

		---

		1.8

		0.435



		Subtotal characterized

		0.8

		0.005

		---

		---

		3.1

		0.758



		Total microwave extr.

		4.9

		0.031

		---

		---

		9.7

		2.372



		Exhaustive NaCl / diastase extraction



		organic phase

		1.8

		0.011

		---

		---

		---

		---



		aqueous phase

		1.2

		0.007

		---

		---

		---

		---



		Total NaCl extr.

		3.0

		0.021

		---

		---

		---

		---



		Total identified

		88.9

		0.551

		85.7

		20.524

		82.7

		20.460



		Total characterised

		7.4

		0.045

		4.1

		0.99

		10.6

		2.622



		Analysed extract(s)

		96.4

		0.596

		89.8

		21.514

		93.3

		23.082



		Losses

		0.9

		0.007

		0.5

		0.111

		0.3

		0.075



		Total extracted

		97.3

		0.603

		90.3

		21.625

		93.6

		23.157



		Post-extraction solids

		2.7

		0.017

		9.7

		2.332

		6.4

		1.573



		Accountability

		100

		0.620

		100

		23.957

		100

		24.730










B.7.1.5.5.3	Storage stability of residues

All extraction experiments and the first HPLC analyses were performed within 3.5 months (104 days) after harvest of the rice plants. The extracts were analysed after 4 days following the start of extraction at the latest. Since the first metabolic analysis of the RACs, as well as the last experiments with the extracts (HPLC co-chromatography) took place within 6 months, no further stability investigations were necessary according to OECD Guidance for the Testing of Chemicals 501 (2007).



B.7.1.5.6	Conclusion

[Pyridinylmethyl-14C]-BYI 02960 is metabolized slightly in rice. Residues were dominated by parent in the foliar application experiment, and parent was also the main compound in all matrices of rice after granular application. In total, seven different metabolites were identified in rice straw, which shows the most pronounced metabolite pattern. Only one of these metabolites, the halogenated parent, represented more than 10% of the TRR (approx. 12%).

Generally, four major metabolic routes of [Pyridinylmethyl-14C]-BYI 02960 were observed in rice:

· hydroxylation of the methylene group of the furanone moiety, 

· cleavage of the pyridinylmethylamine bond followed by oxidation of the methylene group to 6-CNA, 

· oxidative degradation of the furanone moiety to an acetic acid group followed by either conjugation with a carbohydrate or further oxidation, and

· halogenation (mostly bromination, to a minor extent chlorination) of the furanone moiety,



It is speculated that halogenation of the furanone moiety of the active substance occurred in the paddy soil/sediment.



The following metabolic pathway is consistent with the study results.








Figure B.7.1.5-2:  Proposed metabolic pathway of [Pyridinylmethyl-14C]-BYI 02960 in rice

[image: ]



B.7.1.5.7	Overall Conclusion Rice (foliar and granular application)

For [Furanone-4-14C]-BYI 02960, the lowest residue levels were detected in rice kernels, irrespective of the application scenario. After granular application, the main residue in rice kernels was represented by a natural compound (glucose/carbohydrates), indicating a degradation of the furanone moiety, whereas parent was the main compound after foliar spray application. 



Although the residue levels in straw and husks were significantly higher, the metabolite patterns were very comparable for all matrices in both experiments. Besides parent or glucose, an additional major metabolite (>10% of the TRR) was detected only in rice straw: BYI 02960-bromo, co-eluting with small amounts of BYI 02960-chloro. In total, four additional minor metabolites were identified, but none of them exceeded 8% of the TRR. 



Overall, four major metabolic routes were detected: (1) Oxidative degradation of the furanone moiety to an acetic acid group followed by further oxidation or conjugation with a carbohydrate, (2) complete degradation of the furanone moiety and incorporation of carbon atoms into the natural compound pool, i.e. into glucose/carbohydrates; (3) hydroxylation of the furanone moiety of the parent and (4) halogenation (bromination, to a minor extent chlorination) of the furanone moiety. However, it is considered likely that the halogenation of the furanone moiety of BYI 02960 occurred in the paddy soil/sediment and was not a transformation path in the plant.



Only the second route led to a label-specific metabolite. A corresponding counterpart was detected in the rice study performed with [Pyridinylmethyl14C]-BYI 02960. The concentrations of the metabolites common to both radiolabels tested correspond very well when comparing the two metabolism studies conducted in rice. Thus, the results of the present metabolism study are in good conformity with the results of the corresponding study performed with [Pyridinylmethyl-14C]-BYI 02960.



For [Pyridinylmethyl-14C]-BYI 02960, the lowest residue levels were detected in rice kernels, irrespective of the application scenario. Although, the residue levels in straw and husks were significantly higher, the metabolite patterns were very comparable for all matrices in both experiments. Besides parent, one additional major metabolite (>10% of the TRR) in rice straw only was detected: BYI 02960-bromo, most probably co-eluting with small amounts of BYI 02960-chloro. It is speculated that these halogenated metabolites were most likely not formed in the plants, but in the paddy soil/sediment and taken up by the plants. Overall, five additional minor metabolites were identified, but none of them exceeded 8% of the TRR. 



Based on the metabolites identified, four major metabolic routes were detected: (1) Oxidative degradation of the furanone moiety to an acetic acid group followed by either conjugation with a carbohydrate or further oxidation, (2) cleavage of the pyridinylmethylamine bond followed by oxidation of the methylene group to 6-CNA; (3) hydroxylation of the furanone moiety of the parent and (4) halogenation (bromination, to a minor extent chlorination) of the furanone moiety. 



Only the second route led to a label-specific metabolite, all other routes were also detected in the rice metabolism study with [furnaone-4-14C]-BYI 02960. The concentrations of the metabolites common to both radiolabels tested correspond very well. Thus, the results of the present metabolism study in rice are in good conformity with the results of the corresponding study performed with [furanone-4-14C]-BYI 02960.



When considering the results from both metabolism studies conducted in rice, it can be concluded that BYI 02960 is moderately metabolised in this crop. A total of 3 major and approx. 25 minor metabolites were found, and all major and 5 minor have been identified. The commodity rice kernel showed low radioactive residues, especially after granular application. The distribution of parent and metabolites in rice kernels, husks, and straw is shown in Table B.7.1.5-8 and Table B.7.1.5-10. 



Cleavage to form difluoroacetic acid would not be observed.  The presence of DFA was confirmed by analysis of samples for non-radiolabled DFA.  Please see B.7.16.








Table B.7.1.5-8:  Summary of Identification/Characterization of Residues in Rice Kernels Following 

a Granular Application or Foliar Spray Applications of BYI 02960.

		Application

		Granular Application

		Foliar Application



		Radiolabels

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]



		Matrix

		Kernels

		Kernels

		Kernels

		Kernels



		TRR [mg/kg]  

		0.140

		0.050

		0.659

		0.620



		(BYI 02960-) Equivalents

		% of TRR

		mg/kg

		% of TRR

		mg/kg

		% of TRR

		mg/kg

		% of TRR

		mg/kg



		BYI 02960 

		23.1

		0.032

		69.6

		0.035

		56.6

		0.372

		75.2

		0.449



		6-CNA

		--

		--

		4.7

		0.002

		---

		---

		3.0

		0.019



		glucose/carbohydrates

		26.9

		0.037

		---

		---

		3.6

		0.023

		---

		---



		glyoxylic acid

		---

		---

		---

		---

		---

		---

		0.4

		0.003



		acetic acid

		---

		---

		---

		---

		6.2

		0.041

		0.6

		0.003



		Acetic acid/gly

		---

		---

		---

		---

		0.4

		0.003

		

		



		OH

		---

		---

		---

		---

		---

		---

		0.4

		0.002



		bromo/chloro

		---

		---

		---

		---

		1.7

		0.011

		1.5

		0.009



		Total identified

		50.0

		0.069

		74.3

		0.037

		68.5

		0.45

		88.9

		0.551



		Total characterised

		5

		0.006

		---

		---

		17.2

		0.113

		7.4

		0.045



		Analysed extract(s)

		55.0

		0.075

		74.3

		0.037

		85.7

		0.563

		96.4

		0.596



		Losses

		14.4

		0.02

		---

		---

		1.6

		0.01

		0.9

		0.007



		Total extracted

		69.4

		0.097

		74.3

		0.037

		87.3

		0.573

		97.3

		0.603



		Post-extraction solids (PES)

		31.3

		0.044

		25.7

		0.013

		12.8

		0.085

		2.7

		0.017



		Accountability

		100

		0.141

		100

		0.050

		100

		0.658

		100

		0.620







Table B.7.1.5-9:  Summary of Identification/Characterization of Residues in Rice Husks Following a 

Granular Application or Foliar Spray Applications of BYI 02960.

		Application

		Granular Application

		Foliar Application



		Radiolabels

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]



		Matrix

		Husks

		Husks

		Husks

		Husks



		TRR [mg/kg]  

		1.404

		1.602

		24.098

		23.957



		 (BYI 02960-) Equivalents

		% of TRR

		mg/kg

		% of TRR

		mg/kg

		% of TRR

		mg/kg

		% of TRR

		mg/kg



		BYI 02960 

		72.3

		1.016

		77.7

		1.244

		74.6

		17.972

		77.3

		18.526



		6-CNA

		

		

		0.5

		0.009

		---

		---

		0.4

		0.107



		glucose/carbohydrates

		1.0

		0.014

		---

		---

		2.1

		0.497

		---

		---



		glyoxylic acid

		

		

		---

		---

		---

		---

		---

		---



		acetic acid

		0.4

		0.006

		---

		---

		7.0

		1.693

		6.5

		1.548



		acetic acid/gly

		---

		---

		---

		---

		0.2

		0.054

		0.2

		0.048



		OH

		---

		---

		---

		---

		---

		---

		---

		---



		bromo/chloro

		0.6

		0.008

		0.6

		0.01

		1.6

		0.389

		1.2

		0.295



		Total identified

		74.3

		1.044

		78.8

		1.263

		85.5

		20.605

		85.7

		20.524



		Total characterised

		1.3

		0.019

		0.8

		0.012

		4.9

		1.185

		4.1

		0.99



		Analysed extract(s)

		75.6

		1.063

		79.6

		1.275

		90.4

		21.79

		89.8

		21.514



		Losses

		n.q.

		n.q.

		n.q.

		n.q.

		0.5

		0.127

		0.5

		0.111



		Total extracted

		75.6

		1.063

		79.6

		1.275

		90.9

		21.917

		90.3

		21.625



		Post-extraction solids (PES)

		24.4

		0.342

		20.4

		0.327

		9.1

		2.182

		9.7

		2.332



		Accountability

		100

		1.405

		100

		1.602

		100

		24.099

		100

		23.957





Table B.7.1.5-10: Summary of Identification/Characterization of Residues in Rice Straw Following a 

Granular Application or Foliar Spray Applications of BYI 02960.

		Application

		Granular Application

		Foliar Application



		Radiolabels

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]

		[Furanone-4-14C]

		[Pyridinylmethyl-14C]



		Matrix

		Straw

		Straw

		Straw

		Straw



		TRR [mg/kg]  

		2.879

		3.280

		19.891

		24.731



		(BYI 02960-) Equivalents

		% of TRR

		mg/kg

		% of TRR

		mg/kg

		% of TRR

		mg/kg

		% of TRR

		mg/kg



		BYI 02960 

		64.0

		1.841

		59.9

		1.964

		56.5

		11.247

		60.8

		15.029



		6-CNA

		---

		---

		3.9

		0.124

		---

		---

		1.2

		0.3



		glucose/carbohydrates

		5.4

		0.154

		---

		---

		3.4

		0.688

		---

		---



		glyoxylic acid

		1.9

		0.057

		0.2

		0.007

		2.1

		0.416

		2.2

		0.557



		acetic acid

		2.0

		0.058

		2.0

		0.064

		8.0

		1.581

		7.3

		1.814



		acetic acid/gly

		---

		---

		---

		---

		2.4

		0.461

		1.9

		0.474



		OH

		1.0

		0.029

		1.2

		0.042

		0.5

		0.106

		0.8

		0.189



		bromo/chloro

		11.4

		0.328

		12.2

		0.403

		10.7

		2.132

		8.5

		2.094



		Total identified

		85.7

		2.467

		79.4

		2.603

		83.6

		16.631

		82.7

		20.46



		Total characterised

		4.2

		0.122

		8.5

		0.282

		9.6

		1.895

		10.6

		2.622



		Analysed extract(s)

		89.9

		2.589

		87.9

		2.885

		93.2

		18.526

		93.3

		23.082



		Losses

		1.3

		0.037

		1.4

		0.046

		0.5

		0.094

		0.3

		0.075



		Total extracted

		91.2

		2.626

		89.3

		2.931

		93.7

		18.62

		93.6

		23.157



		Post-extraction solids (PES)

		8.8

		0.254

		10.7

		0.350

		6.4

		1.271

		6.4

		1.573



		Accountability

		100

		2.880

		100

		3.281

		100

		19.891

		100

		24.730







On basis of the metabolites identified, biotransformation of BYI 02960 in rice proceeds by the following pathways:

· oxidative cleavage of the difluoroethylamine bond and formation of difluoroacetic acid (see B.7.1.6).

· oxidative degradation of the furanone moiety to an acetic acid group followed either by conjugation with a carbohydrate or by further oxidation to BYI 02960-glyoxylic acid

· complete degradation of the furanone moiety and incorporation of carbon atoms into
the natural compound pool, e.g. into glucose/carbohydrates

· oxidative cleavage of the pyridinylmethylamine bond and formation of 6-chloronicotinic acid (6-CNA)

· hydroxylation of the furanone moiety

· halogenation (bromination and most probably chlorination, as well) of the furanone moiety



It is considered likely that halogenation of the furanone moiety of the active substance occurred in the paddy soil/sediment. Uptake of the soil metabolite results in plant residues. The positions involved in the metabolic degradation are summarised in the following figure.








Figure B.7.1.5-3:	Positions involved in metabolic degradation of BYI 02960 in rice matrices

 (
halogenation
)

 (
degradation followed by conjugation or further oxidative degradation
) (
cleavage
)



 (
oxidation 
) (
hydroxylation 
)[image: ]

 (
cleavage
)



B.7.1.6		Analysis for Difluoroacetic Acid (DFA)



		Reference:

		KIIA 6.2.1/12



		Report:

		Determination of residues of difluoroacetic acid in extracts of samples from plant metabolism and confined rotational crops studies after application of BYI 02960. R. Schoening,  S. Ruhl, 2012



		Report No :

		MR-11/050
M-422550-01-1



		MRID:

		48843812



		Guidelines:

		Non-guideline study.  Supplemental to:

OECD 501 Metabolism in Crops

US EPA Residue Chemistry Test Guideline OPPTS 860.1300: Nature of the Residue – Plants, Livestock

PMRA Regulatory Directive Dir98-02: Residue Chemistry Guidelines Section 2: Nature of the Residue – Plants, Livestock

Japanese MAFF, 12 Nousan 8147

European Parliament and Council Regulation (EC) No 1107/2009



		Testing Facility:

		Bayer CropScience AG

Development – Human Safety – Residue Analysis

BCS-D-HS-RA

Alfred-Nobel-Str. 50

D-40789 Monheim am Rhein, Germany



		Testing Facility Report No.:

		P 672 11 4702



		GLP:

		Yes



		Study  reliability

		Fully reliable







The purpose of the study was to determine the fate of the difluoroethane moiety of parent BYI 02960 by determination of the non-radiolabeled difluroacetic acid content of extracts from the plant metabolism studies (apples, potatoes, cotton, rice) conducted with either [Furanone-4-14C]- or [Pyridinylmethyl-14C]-BYI 02960.  Only one tomato metabolism study was performed with [Ethyl-1-14C]-BYI 02960, precursor to radiolabeled difluoracetic acid.






B.7.1.6.1	Materials and methods



B.7.1.6.1.1	Test Material 



Reference Material

		Chemical structure

		[image: ]

		



		Name of Compound

		Difluoroacetic acid (BCS-AA56716, DFA)



		Certificate of Analysis

		AZ 16523, dated 2010-03-31



		Chemical name

		Difluoroacetic acid



		Purity

		98.3% (w/w)







Internal Standard

		Chemical structure

		[image: ]

		



		Name of Compound

		Difluoroacetic acid 13C2 (BCS-AB60481-ISTD, DFA-ISTD)



		Certificate of Analysis

		KATH 15199-1-4, dated 2010-06-14



		Chemical name

		Sodium difluoro(13C2)acetate



		Purity

		> 99%







B.7.1.6.1.1	Analytical procedures

Samples of apples, potatoes, cotton, rice, wheat, Swiss chard and turnips were harvested and extracted in different plant metabolism and confined rotational crop studies following application of either [Furanone-4-14C]-BYI 02960 or [Pyridinylmethyl-14C]-BYI 02960. Aliquots of the crude extracts of all RACs were diluted for analysis of the non-radiolabelled soil and plant metabolite difluoroacetic acid. After dilution, an isotopically labelled internal standard solution was added and the extract was analysed by LC-MS/MS according to residue analytical method 01304. No further sample work up was performed.



The quantification was done by external standardisation in pure solvent using an internal stable labelled standard. During each set of analyses, a calibration curve was established with two measurements on at least five concentration levels for each sample material. The Limit of Quantification (LOQ), defined as the lowest validated spiking  level of recovery experiments, was set at 0.01 mg/kg. Difluoroacetic acid was determined as difluoroacetic acid, and residues were calculated as difluoroacetic acid.



B.7.1.6.2	Results and Discussion

Difluoroacetic acid was detected in all crops as a major metabolite accounting for a significant proportion of the BYI 02960 residue.  Results are summarized in Table B.7.1.6-1 for primary crop metabolism..  The results are expressed as parent equivalents, with P representing [pyridinylmethyl-14C] and F for [furanone-4-14C].

 


Table B.7.1.6-1:  Summary of difluoroacetic acid residues in crop matrices after spray  application of BYI 02960.

		Metabolism study

		Crop

		Sample material

		Use pattern

		Residues [mg/kg]

		Reference



		Metabolism of 
[Furanone-4-14C]-
BYI 02960 in apples 

		apple

		fruits

		one foliar spray application at BBCH 69, 
86 g a.i./(ha x m CH)

		0.23

		KIIA 6.2.1/06



		

		

		leaves

		

		0.62

		



		

		

		fruits

		two foliar spray applications, at BBCH 69 and 14 days PHI, 
2 x 86 g a.i./(ha x m CH)

		0.04

		



		

		

		leaves

		

		0.45

		



		Metabolism of [Pyridinylmethyl-14C]-
BYI 02960 in potatoes 

		potato

		tuber

		seed piece treatment at planting (BBCH 03), 
10.0 g a.i./dt

		0.13

		KIIA 6.2.1/05



		

		

		

		in-furrow spray application at planting (BBCH 03), 
626 g a.i./ha

		0.18

		



		Metabolism of [Pyridinylmethyl-14C]-
BYI 02960 in Cotton after Spray Application 

		cotton

		gin trash

		one spray application,
206 g a.i./ha (at BBCH 16)

		0.04

		KIIA 6.2.1/09



		

		

		seeds

		

		0.03

		



		

		

		gin trash

		two spray applications,
206 g a.i./ha (at BBCH 16), 
177 g a.i./ha (at BBCH 95 - 97)

		0.02

		



		

		

		seeds

		

		0.02

		



		Metabolism of [Pyridinylmethyl-14C]-
BYI 02960 in paddy rice 

		rice

		straw

		two spray applications onto the plants at different growth stages,
178 g a.i./ha (at BBCH 13 - 15)

236 g a.i./ha (at BBCH 87 - 89

		0.39

		KIIA 6.2.1/11



		

		

		husk

		

		0.46

		



		

		

		grains

		

		0.08

		



		

		

		straw

		one granular application at the time of transplanting,
434 g a.i./ha (at BBCH 13 - 15)

		0.12

		



		

		

		husk

		

		0.20

		



		

		

		grains

		

		0.02

		







Table B.7.1.6-2:  Residues [mg/kg] of BYI 02960 and major metabolites in edible matrices 

after one application.

		Compound

		Potato tubers

		Apple fruits

		Rice kernels

		Cotton seeds



		(BYI 02960-) Equivalents

		Seed piece treatment

		In-furrow appl.

		Foliar appl.

		Granular appl.

		Foliar appl.



		Radiolabel

		F*

		P*

		F

		P

		F

		P

		F

		P

		F

		P



		TRR

		0.078

		0.076

		0.171

		0.115

		0.280

		0.079

		0.140

		0.050

		0.0132

		0.0452



		BYI 02960

		0.031

		0.031

		0.097

		0.051

		0.021

		0.034

		0.032

		0.035

		

		



		DFA

		

		0.391

		

		0.541

		0.691

		

		

		0.061

		

		0.091



		glucose

		---

		

		---

		

		0.201

		

		0.038

		

		

		



		6-CNA

		

		0.016

		

		0.021

		

		0.004

		

		0.002

		

		



		CHPM-di-glyc

		

		0.003

		

		0.006

		

		---

		

		---

		

		



		CHMP-glyc

		

		0.003

		

		0.003

		

		0.004

		

		---

		

		



		difluoroethyl-amino-furanone

		0.003

		

		0.005

		

		0.009

		

		---

		

		

		



		OH-glyc

		0.005

		0.005

		0.007

		0.005

		0.001

		0.004

		---

		---

		

		





1	LC-MS/MS analysis of non-radiolabelled DFA in the extract obtained in the metabolism study.  Calculated as BYI 02960 equivalents, i.e., 289 / 95 X DFA. 
2	analysis of the extracts was not feasible due low extraction efficiency and high matrix load in the extracts

Table B.7.1.6.2-3:  Residues [mg/kg] of BYI 02960 and major metabolites in edible matrices after 

two applications.

		Compound
(BYI 02960-)

		Tomato fruits


		Apple fruits - with surface wash 

		Apple fruits - w/o surface wash

		Rice kernels


		Cotton seeds




		

		Drench application

		Spray application

		Spray appl.

		Spray appl.



		Radiolabel

		F

		P

		E

		F

		P

		F

		P

		F

		P

		F

		P



		TRR (mg/kg)

		0.096

		0.130

		0.201

		1.133

		1.868

		1.286

		0.545

		0.659

		0.620

		0.0162

		0.068



		BYI 02960 (parent)

		0.034

		0.031

		0.020

		0.809

		1.652

		0.946

		0.467

		0.373

		0.467

		

		0.016	Comment by  : There was an error in the table in the submitted Tier 2 summary document.



		DFA

		

		

		0.174

		

		

		

		0.121

		

		0.241

		

		0.061



		glucose

		0.026

		

		

		0.193

		

		0.182

		

		0.023

		

		

		



		6-CNA

		

		0.017

		

		

		0.009

		

		0.008

		

		0.019

		

		0.003



		CHPM-di-glyc

		

		0.048

		

		

		---

		

		---

		

		---

		

		



		CHMP-glyc

		

		0.007

		

		

		0.010

		

		0.005

		

		---

		

		



		difluoroethyl-amino-furanone

		0.010

		

		0.004

		0.007

		

		0.003

		

		---

		

		

		



		OH-glyc

		0.005

		0.004

		0.001

		0.014

		0.024

		0.014

		0.009

		---

		---

		

		0.003





1	LC-MS/MS analysis of non-radiolabelled DFA in the extract obtained in the metabolism study.  Calculated as BYI 02960 equivalents, i.e., 289 / 95 X DFA. 
2	analysis of the extracts was not feasible due low extraction efficiency and high matrix load in the extracts
F = [Furanone-4-14C]-label	E = [Ethyl-1-14C]	P = [Pyridinylmethyl-14C]-label

B.7.1.6.3	 Conclusion

Significant levels of difluoroacetic acid (DFA) were detected. Application technique did not influence the level. High difluoroacetic acid concentrations after foliar spray application indicate that this metabolite is also formed in plants and not only in soil.



Difluoroacetic acid (DFA) represents a significant proportion of the residue in all edible matrices of primary crops when considering the results of the studies conducted with [14C]-BYI 02960.  However, a direct comparison of the DFA concentrations, expressed as BYI 02960 equivalents, to the TRR is not appropriate.  The DFA determination is for a non-radiolabeled degradation/metabolism molecule.




B.7.1.7		Conclusion on metabolism in primary crops

The metabolic fate of [14C]-flupyradifurone was investigated in potato, apple, rice, cotton, and tomato  using two radiolabeled forms of flupyradifurone (furoanone-4-14C and pyridinylmethyl-14C) for all except tomatoes, where a third radiolabel form was used (ethyl-1-14C).  The types of treatment varied:  drench (soil) for tomato, seed and in-furrow (soil) for potato, foliar for cotton and apple, and foliar and soil (granular) for rice.  The foliar treatments for apple and cotton included both early season and early season plus late season (short PHI) treatments. It is noted that no metabolism study was provided for a leafy vegetable.  However, the array of studies presented with similar results is adequate to translate to the remaining plant types.



The metabolism of flupyradifurone was qualitatively similar in five different metabolic group types (root, fruit, cereal grain, oilseed, fruiting vegetable) regardless of the treatment.  Moreover, the metabolism was similar for both longer (100 day) and shorter (20 day) PHIs. However, the relative amounts of parent and metabolites varied considerably with the crop and timing of application. A metabolic pathway in plants was proposed. 



Flupyradifurone was generally a major component of the residue in all instances, although its contribution was significantly greater at the shorter PHIs.  An exception was noted in the early season only application to apple trees (PHI 98 days), where extensive metabolism/reincorporation of the radiolabel into natural products occurred and parent was subsequently a minor component.  



The soil-treatment type studies showed some total breakdown of flupyradifurone and reincorportation of the radiolabel into carbohydrates,especially for rice and tomato. Cleavage of the parent to CHMP and CHMP reaction products,  hydroxylation /conjugation of the furanone moiety, cleavage of the pyridinylamine bond with formation of BYI 02960-difluoroethyl amino furanone were evident, and degradation of the furanone moiety with formation of BYI 02960 acetic acid and further metabolism products. 



Similar paths of metabolism were observed with the foliar treatments (cotton, apple, rice).  Formation of difluroroacetic acid was likely a major pathway in all cases, as evidenced in the determination of non-radiolabeled difluoroacetic acid from the various plant extracts.  However, a radiolabeled study with the difluoroacetic acid moiety was conducted only for the drench application to tomato.  This study confirmed that diflouroacetic acid is the only metabolites fromed from the [ethyl-1-14C]-moiety and therefore additional plant metabolism studies with [ethyl-1-14C]-BYI 02960 will not elucidate any additional metabolites or information.








B.7.2	Metabolism, distribution and expression of residues in livestock



As flupyradifurone (BYI 02960) is intended to be used in various agricultural crops, livestock could be exposed to residue in feed items.   Two studies on the metabolism of BYI 02960 in laying hens and two studies on the metabolism of BYI 02960 were conducted with the test compound labelled either in the [Pyridinylmethyl-14C]- or the [Furanone-4-14C]-position as shown by the following chemical structures (* denotes the radiolabel position): 



		



                       



		[Pyridinylmethyl-14C]                                              [Furanone-4-14C]
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The purpose of the study was to investigate the metabolism and excretion of [Pyridinylmethyl-14C]-BYI 02960 (flupyradifurone) in laying hens as a model for poultry. Six hens were dosed orally once daily in the morning for 14 consecutive days with an aqueous 0.5% Tragacanth® suspension of 1.02 mg of the active substance per kg body weight, which corresponded to 16.18 mg a.i. /kg dry feed/day. The animals were sacrificed at about six hours after the last administration. Total radioactive residues (TRR) were determined daily in the eggs and excreta, and at sacrifice in the dissected organs and tissues (muscle, fat, liver, kidney, skin and eggs from ovary/oviduct). Eggs, muscle, fat, liver and excreta were extracted and analyzed for parent and metabolites.



B.7.2.1.1	Materials and methods

B.7.2.1.1.1	Test Material

		Labelling position

(* denotes position of the radiolabel)

		[Pyridinylmethyl-14C]









		Specific radioactivity

		4.37 MBq/mg = 118.08 μCi/mg before radiodilution

3.50 MBq/mg = 2.10 x 108 dpm/mg

= 94.59 μCi/mg = 27.31 Ci/mol after radiodilution



		Radiochemical purity 

		> 99 % by radio-HPLC and > 98 % by radio-TLC



		Nonradioactive test substance

		Batch BYI 02960-PU-02



		Chemical purity

		99.4%







B.7.2.1.1.2	Test animals



		Species:

		Hen (Gallus gallus domesticus)



		Breed:

		White Leghorn



		Gender:

		Female



		Age:

		6 – 8 months



		Weight at dosing

		1.63 kg  mean (range 1.50 – 1.90 kg)



		Number of animals:

		6



		Acclimation period:

		35 days



		Diet:

		RWZ-Legegold Mehl supplemented with eggshells and crushed marine shells.



		Water:

		Ad libitum



		Husbandry:

		Conventional hygienic conditions



		Environmental condtions



		Housing:

		Individual electropolished stainless steel metabolism cages.



		Temperature:

		22 – 30o C



		Humidity:

		30 – 57%



		Photoperiod:

		Alternating 8 to 16 hours light/dark cycles



		Air change:

		10 – 15 times per hour












B.7.2.1.1.3	Dosing regime



		Amount of dose:

		1.02 mg a.i./kg bw/day

16.18 mg a.i./kg dry feed/day in the diet

1.67 mg 14C-BYI 02960 a.i./day

351,014.379  mean dpm per animal per day



		Food consumption:

		Mean 103 g dry feed/day (83, 87, 104, 108, 113, 128 g/day)



		Vehicle:

		Oral gavage with syringe. Suspension (0.5% aqueous Tragacanth)



		Timing:

		1/day in AM



		Duration:

		14 days (14 doses)







B.7.2.1.1.4	Sample collection



		Egg collection:

		Once daily



		Excreta collection:

		Once daily



		Interval from last dose to sacrifice:

		6 hours



		Tissues harvested and analyzed:

		Liver without gall bladder, kidneys, muscle (leg, thorax), fat (subcutaneous), skin (without fat), eggs from ovary/oviduct







B.7.2.1.1.5	Description of analytical procedures



The measurement of the radioactivity in the liquid samples was carried out by liquid scintillation counting (LSC). All solid samples were combusted in an oxygen atmosphere using an oxidiser. The released 14CO2 was trapped in an alkaline scintillation cocktail and the radioactivity was determined by LSC.



During the testing period, eggs and excreta of each hen were collected once daily.  An egg pool was prepared from day 3 to sacrifice (day 13) using all egg samples from all animals during this collection period. Excreta from all animals were pooled from day 1 to day 13.



Day 3 to day 13 eggs (pooled), eggs dissected from the ovary and oviduct, muscle (leg and breast), subcutaneous fat, liver (without gall bladder), and the pooled excretawere analyzed for parent and metabolites.. Eggs, muscle and liver as well as excreta were conventionally extracted with mixtures of acetonitrile/water and pure acetonitrile.  Fat was extracted with acetonitrile and n-heptane followed by a partition procedure  yielding an acetonitrile and n-heptane phase. Post-extraction solids of liver were exhaustively extracted using microwave-assited extraction system. 



The prepared extracts were subjected to HPLC using a reversed-phase column (C18) and the eluting solvents water/formic acid 99:1 (v/v) and acetonitrile/water/formic acid 97:2:1 (v/v/v) in the gradient mode. Detection was performed by a UV- (254 nm) and a radioisotope detector with a glass bead scintillator. In order to check the completeness of the elution, representative samples of egg, muscle and liver extract were injected, re-collected, and radioassayed by LSC. The recoveries were between 99.1 and 100.5% of the injected radioactivity. Radiolabelled and non-labelled reference compounds were used in co-chromatography for identification of metabolites. 



Metabolites were isolated from the excreta, identified by LC-MS/MS or NMR-spectroscopy and used as reference compounds for the identification of metabolites in eggs and liver by HPLC co-chromatography. Other reference compounds were collected from the goat metabolism study with the pyridinylmethyl-14C - labelled test compound or available as non-radiolabelled reference compounds  (BYI 02960 hippuric acid, BYI 02960-OH).



Identification of metabolites in muscle and fat was accomplished by comparison of the metabolic patterns and retention times. 



B.7.2.1.1.6	Storage stability of samples

During the study, all samples and extracts were stored in a freezer at ≤-18°C or for a short time in a refrigerator. All samples of eggs, and edible organs tissues  (muscle, fat, liver) were extracted within approx. 2 months.after sample collection.  Extracts were analyzed within approximately 6–7 months of extractions. The storage stability of eggs and fat for at least 6. 5 months was demonstrated by the comparison of the HPLC  metabolite profiles from a first and second extraction separated by 6.5 months. The storage stability of extracts of egg, liver, muscle, and fat  samples were demonstrated for a time period of approximately 6.5 months by repeated HPLC profiling of the extracts.  The profiles were similar.



B.7.2.1.2	Results and discussion



B.7.2.1.2.1	Total radioactive residues (TRRs)

The concentration of radioactivity in eggs ranged from 0.016 mg/kg at day one to 0.119 mg/kg at sacrifice. Following a rather linear increase, a plateau level of approx. 0.08 – 0.09 mg/kg was reached six - tendays after the first administration.   In the organs and tissues, the highest radioactivity concentrations were determined in kidney (1.073 mg/kg) and liver (0.435 mg/kg).



Table B.7.2.1-1:  Concentration of radioactive residues in poultry matrices 

		Matrices

		Percent of total dose administered

		TRR

(mg/kg)



		Liver

		0.08

		0.435



		Kidney

		0.05

		1.073



		Eggs from ovary

		0.01

		0.147



		Skeletal muscle

		0.19

		0.070



		Body skin 

		0.02

		0.094



		Body fat

		0.02

		0.021



		Total organs/tissues

		0.37

		-



		Eggs (day 1)

		0.01

		0.016



		Eggs (day 2)

		0.01

		0.044



		Eggs (day 3)

		0.03

		0.061



		Eggs (day 4)

		0.04

		0.068



		Eggs (day 5)

		0.06

		0.075



		Eggs (day 6)

		0.08

		0.080



		Eggs (day 7)

		0.09

		0.083



		Eggs (day 8)

		0.11

		0.083



		Eggs (day 9)

		0.13

		0.087



		Eggs (day 10)_

		0.15

		0.090



		Eggs (day 11)

		0.17

		0.087



		Eggs (day 12)

		0.19

		0.085



		Eggs (day 13)

		0.21

		0.088



		Eggs (cumulative after 14 days)

		0.24

		0.119



		Excreta (cumulative after 14 days)

		95.51

		-



		Total recovery

		96.11

		-












B.7.2.1.2.1	Characterization and identification of residues



The characterization and identification of the residues in eggs, muscle, fat, and liver are summarized in Table B.7.2.1-2.



Table B.7.2.1-2:  Identification and Characterization of the TRR in Hen Matrices.

		Extract/Identification

		Eggs (day 3 – 13)

		Muscle

		Fat

		Liver



		Overall TRR [mg/kg]

		0.084 

		0.070 

		0.021 

		0.435 



		(BYI 02960-) Equivalents

		%  

		mg/kg

		% 

		mg/kg

		%  

		mg/kg

		%  

		mg/kg



		Conventional extraction

		96.1

		0.081

		92.6

		0.064

		79.7

		0.017

		74.6

		0.324



		BYI 02960 (parent)

		19.8

		0.017

		9.8

		0.007

		15.3

		0.003

		0.9

		0.004



		lactato-mercaptyl-nicotinic acid

		4

		0.003

		3.6

		0.002

		---

		---

		15.5

		0.068



		acetyl-cysteinyl-nicotinic acid

		---

		---

		---

		---

		---

		---

		0.3

		0.001



		6-CNA

		7.2

		0.006

		8.8

		0.006

		1.8

		<0.001

		6.4

		0.028



		des-difluoroethyl-OH-SA

		---

		---

		2.1

		0.001

		5.6

		0.001

		3.1

		0.014



		acetyl-AMCP

		23.1

		0.019

		40.2

		0.028

		28.5

		0.006

		6.3

		0.027



		des-difluoroethyl

		8.9

		0.007

		9.9

		0.007

		5

		0.001

		1.8

		0.008



		AMCP-difluoroethanamine-SA

		---

		---

		---

		---

		---

		---

		0.3

		0.001



		OH-SA

		5.1

		0.004

		1.8

		0.001

		16.2

		0.003

		22.5

		0.098



		OH

		18

		0.015

		8.1

		0.006

		5.5

		0.001

		1.5

		0.007



		Identified in conventional extract

		86.2

		0.072

		84.2

		0.059

		77.9

		0.016

		58.6

		0.255



		Characterised in conventional extract

		9.9

		0.008

		8.4

		0.006

		1.8

		<0.001

		16

		0.070



		Exhaustive extraction

		n.a.

		n.a.

		n.a.

		19.8

		0.086



		Total identified

		86.1

		0.071

		84.3

		0.058

		77.9

		0.016

		58.6

		0.255



		Total characterised

		9.9

		0.008

		8.4

		0.006

		1.8

		<0.001

		35.8

		0.156



		Total extracted

		96.0

		0.079

		92.7

		0.064

		79.7

		0.017

		94.4

		0.411



		Solids

		3.9

		0.003

		7.4

		0.005

		20.3

		0.004

		5.5

		0.024



		Losses

		0.1

		0.002

		0.1

		0.001

		---

		---

		---

		---



		Accountability

		100

		0.084

		100

		0.070

		95.2

		0.021

		100

		0.435







B.7.2.1.2.2.1	Excreta

After purification and concentration steps, the resulting conventional extracts represented 97.7% of the radioactivity for excreta.  Metabolites were isolated from excreta and identified by LC-MS/MS.  The following metabolites were identified:  lactato-mercaptyl-nicotinic acid, acetyl-cysteinyl-nicotinic acid, CHMP-serinate, 6-CNA, des-difluoroethyl-OH-SA, acetyl-AMCP, des-difluoroethyl, AMCP-difluoroethanamine-SA, BYI 02960-acetic acid, OH-SA, and OH.



B.7.2.1.2.2.2	Eggs

Major metabolites in eggs were parent (0.017 mg/kg; 19.8% of the TRR), BYI 02960-acetyl-AMCP (0.019 mg/kg; 23.1% of the TRR) and BYI 02960-OH (0.015 mg/kg, 18.0% of the TRR). Further metabolites were BYI 02960-lactato-mercaptyl-nicotinic acid, BYI 02960-6-CNA, BYI 02960-des-difluoroethyl, BYI 02960-OH-SA and two unknown metabolites. They were detected in low amounts ≤0.007 mg/kg.



B.7.2.1.2.2.3	Muscle

The main metabolite in muscle was BYI 02960-acetyl-AMCP, which amounted to 0.028 mg/kg (40.2% of the TRR). Parent, BYI 02960-6-CNA, BYI 02960-des-difluoroethyl and BYI 02960-OH were quantified in amounts between 0.006 to 0.007 mg/kg (8.8-9.9% of the TRR). Minor identified metabolites were BYI 02960-lactatomercaptyl-nicotinic acid, BYI 02960-des-difluoroethyl-OH-SA and BYI 02960-OH-SA (each ≤0.002 mg/kg).



B.7.2.1.2.2.4	Fat

There were no residues detected in the n-heptane phase. The main metabolites in the polar phase of fat were parent (0.003 mg/kg, 15.3% of the TRR), BYI 02960-acetyl-AMCP (0.006 mg/kg, 28.5% of the TRR) and BYI 02960-OH-SA (0.003 mg/kg, 16.2%of TRR). All other metabolites were detected in amounts ≤0.001 mg/kg.



B.7.2.1.2.2.5	Liver

The majority of the TRR (approx. 75%) was conventionally extracted. The main metabolites in the conventional extract were BYI 02960-OH-SA (0.098 mg/kg, 22.5% of the TRR), BYI 02960-lactato-mercaptyl-nicotinic acid (0.068 mg/kg, 15.5% of the TRR), BYI 02960-6-CNA (0.028 mg/kg, 6.4% of the TRR) and BYI 02960-acetyl-AMCP (0.027 mg/kg, 6.3% of the TRR). Parent was detected in negligible amounts of 0.004 mg/kg. All other metabolites amounted to ≤0.014 mg/kg, except the unknown metabolite R13 (0.027 mg/kg).



Metabolites in the exhaustive extract of liver amounted to 19.8% of the TRR (0.086 mg/kg). All unknown metabolites in the exhaustive extract of liver were only characterised by extraction and chromatographic behavior (35.8% of the TRR; 0.156 mg/kg).



B.7.2.1.2.3	Proposed metabolic pathway



The metabolic pathway for [Pyridinylmethyl-14C]-BYI 02960 in laying hens is proposed (Figure 7.2.1-1).   The pathway reflects the following observed reactions:



●	Hydroxylation in position 5 of the furanone ring forming BYI 02960-hydroxy followed by conjugation with sulfuric acid to BYI 02960-OH-SA

· Oxidative cleavage of the pyridinylmethyl moiety forming BYI 02960-6-CNA

· Substitution of the chloro group of BYI 02960-6-CNA with glutathione followed by degradation resulting in the conjugates BYI 02960-acetyl-cysteinyl-nicotinic acid and BYI 02960-lactato-mercaptyl-nicotinic acid

· Cleavage of the difluoroethyl group forming BYI 02960-des-difluoroethyl followed by hydroxylation and conjugation with sulfuric acid to BYI 02960-des-difluoroethyl-OH-SA

· Cleavage of the furanone ring and conjugation with sulfonic acid forming
BYI 02960-AMCP-difluoroethanamine-SA

· Oxidative degradation of the furanone ring forming BYI 02960-acetic acid

· Cleavage of the pyridinylmethyl moiety forming an alcohol conjugated with serine (BYI 02960-CHMP-serinate)

· Cleavage of the furanone ring and the difluoroethyl group forming an amine followed by acetylation to BYI 02960-acetyl-AMCP



B.7.2.1.3	Conclusion



The metabolism and excretion of [Pyridinylmethyl-14C]-BYI 02960 (flupyradifurone) were investigated in laying hens as a model for poultry. The administered radioactive dose was adequately recovered.  In the organs and tissues, the highest radioactivity concentrations were determined in kidney (1.073 mg/kg) and liver (0.435 mg/kg) indicating the significance of these organs for metabolism and excretion. Following a rather linear increase, a plateau level of approx. 0.08 mg/kg was reached in eggs, six days after the first administration.



Figure 7.2.1-1:  Proposed metabolic pathway of [Pyridinylmethyl-14C]-BYI 02960 in laying hens.
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The purpose of the study was to investigate the metabolism and excretion of [furanone-4-14C]-BYI 02960 (common name: flupyradifurone) in laying hens as a model for poultry. Six hens were orally dosed once daily in the morning for 14 consecutive days with an aqueous 0.5% Tragacanth® suspension of 1.05 mg of the active substance per kg body weight which corresponded to 17.13 mg a.i./kg dry feed/day. The animals were sacrificed six hours after the last administration. Total radioactive residues were determined daily in the eggs and excreta, and at sacrifice in the dissected organs and tissues (muscle, fat, liver, kidney, skin and eggs from ovary/oviduct). Eggs, muscle, fat, liver and excreta were extracted and analysed for parent and metabolites.



 B.7.2.1.4	Materials and methods

B.7.2.1.4.1	Test Material



		Labelling position

(* denotes radiolabel position)









		[Furanone-4-14C]







		Specific radioactivity

		4.24 MBq/mg = 114.50 µCi/mg  (before radiodilution)
3.50 MBq/mg = 2.10 x 108 dpm/mg = 94.59 µCi/mg = 27.31 Ci/mol
(after radiodilution)



		Radiochemical purity 

		> 98 % by radio-HPLC and > 99 % by radio-TLC



		Nonradioactive test substance

		Batch BYI 02960-PU-02



		Chemical purity

		99.4%





B.7.2.1.4.2	Test animals

		Species:

		Laying hen (Gallus gallus domesticus)



		Breed:

		White Leghorn



		Gender:

		Female



		Age:

		6 – 8 months



		Body weight:

		1.56 kg at first administration, 1.56 kg at sacrifice



		Number of animals:

		6



		Acclimatization period:

		14 days



		Diet:

		The hens were fed with “RWZ-LegeGold Mehl”, a pulverised chicken feed. This feed was not a certified diet, i.e. it was not checked for contamination according to current standards. The feed was supplemented by eggshells and crushed marine shells during the acclimation period. The feed consumption was recorded by weighing during the experiment (mean consumption 103 g/day/hen) .



		Water:

		Ad libitum tap water



		Environmental conditions



		Housing:

		Individually in stainless steel metabolism cages for laying hens allowing almost quantitative collection of eggs and excreta 



		Temperature:

		21 - 26°C



		Humidity:

		39 - 56%.



		Photoperiod:

		16 h light / 8 h dark cycle



		Air change:

		10 – 15 times per hour





B.7.2.1.4.3	Dosing regime

		Amount of dose:

		1.05 mg a.i./kg bw/day X 14 days

1.63 mg 14C-BYI 02960 per day per hen or 341,705,781 dpm (mean dpm per animal per day)

17.13 mg a.i./kg dry feed per day



		Feed consumption:

		Mean 95 g dry feed/day (83.7, 88.5, 94.0, 98.0, 100, 104)



		Vehicle:

		Oral gavage with syringe. Suspension (0.5% aqueous Tragacanth)



		Timing:

		Once per day in the AM



		Duration:

		13.25 days (14 doses)







B.7.2.1.4.4	Sample collection

		Egg collection:

		Once daily



		Excreta collection:

		Once daily



		Interval from last dose to sacrifice:

		6 hours



		Tissues harvested and analyzed:

		Liver without gall bladder, kidneys, muscle (leg, thorax), fat (subcutaneous), skin (without fat), eggs from ovary/oviduct









B.7.2.1.4.5	Description of analytical procedures

The measurement of the radioactivity in the liquid samples was carried out by liquid scintillation counting (LSC). All solid samples were combusted in an oxygen atmosphere using an oxidiser. The released  14CO2 was trapped in an alkaline scintillation cocktail and the radioactivity was determined by LSC.



Aliquot samples from two egg samples (days 2 to 9 pooled, days 8 to 13.25 pooled), muscle, fat and liver were successively extracted with acetonitrile and n-heptane using a Polytron homogeniser followed by a partition procedure. In case of eggs, muscle and liver this extraction procedure was continued with a mixture of acetonitrile/water (7/3; v/v).



An aliquot sample from the excreta of day 13 was extracted with acetonitrile/water (8/2; v/v) followed by pure acetonitrile. The n-heptane phases of eggs, muscle, fat and liver were concentrated and analysed

by TLC.



Combined acetonitrile and acetonitrile/water extracts were concentrated and used for the quantitation of parent and metabolites by HPLC. Each HPLC analysis was subquantified by LSC, due to the detected radioactivity during the wash step of the HPLC column. This detected radioactivity was mainly caused by chemiluminescence of the fat matrix, which was eluted during the wash step of the column. Therefore, the eluent of subregion 1 (0 to 80 min.) and subregion 2 (80 to 120 min.) were collected and the radioactivity was determined by LSC. Both subregions together were related to the origin percentage and ppm-value. Parent and metabolites were detected and quantified in subregion 1.



Post extraction solids of eggs, muscle and liver were exhaustively extracted 2 x with acetonitrile/water (1/1; v/v) followed by 2 x with acetonitrile/water/formic acid (50/50/2.5; v/v/v) using microwave assistance. The concentrated exhaustive extracts were analysed by HPLC, depending on the matrix content.



Occurring losses during the extraction and concentration procedures were quantified by subtraction of the recovered radioactivity from the initial radioactivity.



Samples were analysed by radiochromatographic (HPLC) and spectroscopic (LC-MS and 1H-NMR) methods.  Basically, the isolation and identification of parent and metabolites were performed in the study using the pyridinylmethyl label.  An additional identification of BYI 02960-des-difluoroethyl in the extract of muscle was performed by HPLC co-chromatography with the radiolabelled reference compound. The reference compound was isolated and identified in the laying hen study with the pyridinylmethyl label. Metabolites in the polar region R1 of the acetonitrile/water extracts of muscle and liver were quantified and further characterised by thin layer chromatography. Their commonality with polar metabolites in urine and organs of rat and goat was demonstrated by comparison of the TLC profiles.  Radioactive residues in the n-heptane phases were analysed by TLC and visualised in an iodine vapour chamber. Residues in the n-heptane phase of fat were further identified by investigation of their partition behaviour after saponification and subsequent acidification.






B.7.2.1.4.5	Storage stability of samples



All samples of eggs, and edible organs and tissues were extracted within approx. 2 months after sample collection. The first metabolite profile was recorded latest within about 3 weeks after sample preparation and extraction. The stability of the extract of muscle and liver was demonstrated for a period of ca. 7 months by comparison of the HPLC profiles. 



B.7.2.1.5	Results and discussion



B.7.2.1.5.1	Total radioactive residues (TRRs)



The concentration of radioactivity in eggs ranged from 0.024 mg/kg at day one to 1.198 mg/kg at sacrifice. Following a linear increase a plateau level of 1.035 mg/kg was reached nine days after the first administration. The overall recovery rate was 82.16% of the total dose. A part of the remaining radioactivity was expected to still be present in the gastro-intestinal tract at sacrifice, due to the short period between the last administration and sacrifice.



Table B.7.2.1-3.  Concentration of radioactive residues in poultry matrices from dosing with [furanone-4-14C]-BYI 02960

		Matrices

		Perecent of total dose administered

		TRR (mg/kg)



		Liver

		0.37

		2.178



		Kidney

		0.05

		1.083



		Eggs from ovary/oviduct

		0.46

		2.774



		Skeletal muscle

		0.50

		0.183



		Body skin

		0.07

		0.257



		Body fat

		0.34

		0.427



		Total organs/tissues

		1.80

		-



		Eggs (day 1)

		0.01

		0.024



		Eggs (day 2)

		0.04

		0.146



		Eggs (day 3)

		0.10

		0.284



		Eggs (day 4)

		0.20

		0.438



		Eggs (day 5)

		0.40

		0.647



		Eggs (day 6)

		0.56

		0.789



		Eggs (day 7)

		0.72

		0.923



		Eggs (day 8)

		0.94

		1.002



		Eggs (day 9)

		1.20

		1.035



		Eggs (day 10)

		1.44

		1.035



		Eggs (day 11)

		1.74

		1.100



		Eggs (day 12)

		1.97

		1.036



		Eggs (day 13)

		2.04

		1.005



		Eggs (cummulative)

		2.35

		1.198



		Excreta (cummulative)

		78.01

		-



		Total recovery

		82.16

		-









B.7.2.1.5.2	Characterization and identification of residues



The characterization and identification of the residues in eggs, muscle, fat, and liver are summarized in Table B.7.2.1-4. The identification rate was 59% of the TRR  in eggs (days 2 to 7), 63% in eggs (days 8 to sacrifice), 17%  of the TRR in muscle, 96% of the TRR in fat and 59% of the TRR in liver. All other residues were characterised by their extraction or chromatographic behavior.






Table B..7.2.1-4. 	Identification/Characterization of the TRR in Hen Matrices.

		Extract/Identification

		Eggs

		Eggs

		Muscle

		Fat

		Liver 



		Sampling

		(day 2 to 7)

		(day 8 to 13.25)

		

		

		



		Overall TRR [mg/kg]

		0.540 

		1.048 

		0.183 

		0.427 

		2.178



		(BYI 02960-) Equivalents

		% 

		mg/kg

		% 

		mg/kg

		% 

		mg/kg

		% 

		mg/kg

		% 

		mg/kg



		Conventional extraction

		65.0

		0.351

		66.8

		0.701

		38.6

		0.071

		98.5

		0.421

		72.1

		1.57



		BYI 02960 (parent)

		2.3

		0.013

		1.6

		0.016

		13.6

		0.005

		 --

		 --

		0.5

		0.01



		n-heptane phase

		52

		0.281

		58.3

		0.611

		8.1

		0.015

		95.9

		0.41

		51.5

		1.121



		(identified as fatty acids)

		

		

		

		

		

		

		

		

		

		



		des-difluoroethyl-OH-SA

		0.1

		0.001

		n.d.

		n.d.

		0.5

		0.001

		 --

		-- 

		0.2

		0.004



		des-difluoroethyl

		1.2

		0.006

		0.6

		0.007

		2.6

		0.005

		 --

		-- 

		0.8

		0.017



		OH-SA

		0.6

		0.003

		0.5

		0.005

		n.d.

		n.d.

		 --

		 --

		5.1

		0.112



		OH

		2.3

		0.013

		1.6

		0.016

		2.4

		0.004

		 --

		 --

		0.8

		0.018



		Identified in the

		58.5

		0.317

		62.6

		0.655

		16.5

		0.03

		95.9

		0.41

		58.9

		1.282



		 conventional extract

		

		

		

		

		

		

		

		

		

		



		 Characterised in the

		6.4

		0.035

		4.3

		0.045

		22

		0.04

		2.6

		0.011

		13.2

		0.288



		 conventional extract

		

		

		

		

		

		

		

		

		

		



		 Losses during the

		10.7

		0.058

		10.7

		0.112

		10.3

		0.019

		--

		--



		 conventional extraction

		

		

		

		

		

		

		

		



		Exhaustive extraction



		- neutral ACN/water extract

		7

		0.038

		3.6

		0.038

		8.1

		0.015

		n.a.

		9.6

		0.209



		- 1st acidic ACN/water extract

		8.3

		0.045

		10

		0.105

		39.5

		0.072

		n.a.

		12.1

		0.264



		- 2nd acidic ACN/water extract

		1.1

		0.006

		3.3

		0.035

		see **

		n.a.

		n.a.



		 Characterised in the

		16.4

		0.089

		16.9

		0.178

		47.6

		0.087

		n.a.

		21.7

		0.473



		 exhaustive extracts

		

		

		

		

		

		

		

		

		



		Total identified

		58.5

		0.316

		62.5

		0.656

		16.5

		0.03

		95.9

		0.41

		58.9

		1.282



		Total characterised

		22.8

		0.124

		21.2

		0.223

		69.6

		0.128

		2.6

		0.011

		34.9

		0.761



		Total extracted

		81.3

		0.440

		83.7

		0.879

		86.1

		0.158

		98.5

		0.421

		93.8

		2.043



		Total losses

		17.5

		0.094

		14.7

		0.155

		10.3

		0.019

		n.d.

		n.d.

		4.5

		0.098



		Solids

		1.1

		0.006

		1.5

		0.016

		3.5

		0.006

		1.5

		0.006

		1.7

		0.036



		Accountability

		100

		0.540

		100

		1.050

		100

		0.183

		100

		0.427

		100

		2.177





**  Both acidic ACN/water extracts of muscle were combined before concentration.

n.a. not analyzed



B.7.2.1.5.2.1	Excreta

The metabolite profiles of excreta of the current study and the study using the pyridinylmethyl label were very similar, except for the label specific compounds in the region of polar metabolites.  Polar metabolites accounted for 13.5% of the radioacitivy in the excreta.   The major metabolites found were OH-SA (55% of the TRR), and OH (16% of the TRR) in the sample. Minor metabolites identified were des-difluoroethyl-OH-SA, des-difluroethyl, acetic acid, and parent.



B.7.2.1.5.2.1	Eggs

The main part of the radioactivity in eggs (days 2 to 7 0.281 mg/kg, 52.0%; days 8 to sacrifice 0.611 mg/kg, 58.3%) was detected in the n-heptane phase and identified as natural fats. The parent, BYI 02960-OH, BYI 02960-OH-SA, BYI 02960-des-difluoroethyl and BYI 02960-des-difluoroethyl-OH-SA were identified in low amounts (≤ 0.016 mg/kg). Metabolites in the polar region R1 were not further quantified due to the low concentration (≤ 0.010 mg/kg).

[bookmark: _Ref295973386][bookmark: _Toc301783964]

B.7.2.1.5.2.2	Muscle

Residues in the n-heptane phase of muscle were identified as fatty acids (8.1% of the TRR; 0.015 mg/kg). Very low amounts (≤ 0.005 mg/kg) of parent, BYI 02960-OH, BYI 02960-des-difluoroethyl and BYI 02960-des-difluoroethyl-OH-SA were identified in the acetonitrile/water extract. Metabolites in the polar region R1 of the acetonitrile/water extract were further analysed and subquantified by thin layer chromatography. The concentrations ranged from 0.001 to 0.012 mg/kg. The commonality of these metabolites with polar metabolites, which were detected in the urine of rats and in the urine, liver and kidney of the goat, was demonstrated by comparison of the thin layer chromatograms.



Metabolites in the acidic exhaustive extract were characterised by their extraction behaviour, and represented the major portion of residues in the muscle sample (39.5% of the TRR; 0.072 mg/kg). An HPLC analysis could not be performed, due to the high matrix burden in the extract.



B.7.2.1.5.2.2	Fat

The major part of the radioactive residues in fat (95.9% of the TRR; 0.410 mg/kg) was identified as fatty acids after saponification. The fatty acids were presumably formed from smaller carbon units (C-1- or C-2-fragments), which entered the carbon pool of endogenous compounds after cleavage and subsequent degradation of the furanone ring. A small part (2.6% of the TRR; 0.011 mg/kg) was detected in the acetonitrile phase and was not further investigated.



B.7.2.1.5.2.2	Liver

More than half of the residues in liver (51.5% of the TRR; 1.121 mg/kg) was identified as fatty acids. Parent, BYI 02960-OH, BYI 02960-OH-SA, BYI 02960-des-difluoroethyl and BYI 02960-des-difluoroethyl-OH-SA were identified in the acetonitrile/water extract. The predomiant metabolite was BYI 02960-OH-SA, which amounted to 0.112 mg/kg (5.1% of the TRR). All other identified metabolites were detected in low amounts between 0.004 and 0.018 mg/kg. 



Metabolites in the polar region R1 of the acetonitrile/water extract were subquantified by thin layer chromatography (0.009 to 0.050 mg/kg). The commonality of these metabolites with polar metabolites, which were detected in the urine of rats and in the urine, liver and kidney of the lactating goat was demonstrated by comparison of the thin layer chromatograms.






B.7.2.1.5.3	Proposed metabolic pathway



The metabolic pathway for[Furanone-4-14C]- BYI 02690 in laying hens is proposed (Figure 7.2.1-2).  The pathway reflects the following observed reactions:



· Cleavage and subsequent total degradation of the furanone ring forming smaller carbon units (C-1- or C-2-fragments), entering the carbon pool of endogenous compounds and then being used for the biosynthesis of fatty acids

· Hydroxylation in position 5 of the furanone ring forming BYI 02960-OH followed by conjugation with sulphuric acid to BYI 02960-OH-SA

· Cleavage of the difluoroethyl group forming BYI 02960-des-difluoroethyl followed by hydroxylation and conjugation with sulfuric acid to BYI 02960-des-difluoroethyl-OH-SA

· Oxidative degradation of the furanone ring forming BYI 02960-acetic acid



B.7.2.1.6	Conclusion



The metabolism and excretion of [furanone-4-14C]-BYI 02960 (flupyradifurone) were investigated  in laying hens as a model for poultry.  The administered dose was adequately recovered.  A residue plateau level in whole eggs was reached approximately on day 9.  The radioactive residues were sufficiently extracted from eggs and tissues with rates >80% of the TRR.  



Parent and non-label specific metabolites, such as BYI 02960-hydroxy, BYI 02960-OH-SA, BYI 02960-des-difluoroethyl and BYI 02960-des-difluoroethyl-OH-SA were identified in approximately  the same low amounts as detected in the laying hen study with the pyridinylmethyl label. In addition, BYI 02960-acetic acid was detected in excreta. Extensive degradation (>50% of the TRR) to small carbon units and subsequent reincorporation was indicated.


































Figure B.7.2.1-2	Proposed metabolic pathway of [Furanone-4-14C] BYI 02960 in laying hens 
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The purpose of the study was to investigate the metabolism and excretion of [Pyridinylmethyl-14C]-BYI 02960 (flupyradifurone) in the lactating goat as a model for ruminants. The goat was orally dosed once daily for five consecutive days in the morning after milking with 1.0 mg of the active substance per kg body weight which corresponded to 24.4 mg a.i./kg dry feed/day. The animal was sacrificed about six hours after the last administration. Total radioactive residues (TRR) were determined in milk and excreta at various sampling intervals, and in muscle, fat, kidney and liver at sacrifice. Milk, edible organs and tissues, as well as urine, were analysed for the unchanged parent and metabolites.



B.7.2.2.1	Materials and methods



B.7.2.2.1.1	Test Material

		Labelling

(* denostes postion of the radiolabel)

		[Pyridinylmethyl-14C]







		Specific radioactivity 

		3.92 MBq/mg = 105.93 µCi/mg (before radiodilution)
3.425 MBq/mg = 2.06 x 108 dpm/mg = 92.57 µCi/mg = 26.72 Ci/mol
(after radiodilution)



		Radiochemical purity 

		> 99 % (HPLC)



		Nonradioactive test substance

		Lot BYI 02960-PU-02



		Chemical purity

		99.4%







B.7.2.2.1.2:	Test animals

		Species:

		Lactating goat (Capra hircus)



		Breed:

		“Weiße Deutsche Edelziege”



		Gender:

		Female



		Number of animals:

		1 



		Age:

		ca. 36 months



		Body weight:

		60 kg at first administration, 59 kg at sacrifice



		Acclimatization period:

		7 days



		Diet:

		The goat was fed ad libitum with hay, hay pellets, apples and supplementary ruminant feed ("Raiffeisen LammGold”, supplied by Raiffeisenmarkt Rhein-Berg eG, Postfach 100565, D-40769 Monheim).

During the test period, the average feed consumption was 2.48 kg/day



		Water:

		Tap water was offered ad libitum



		Husbandry:

		Conventional hygienic consitions



		Environmental conditions



		Housing:

		During acclimatization period: raised stall with a metal grid as base and straw and hay as bedding.

During the test period: electro-polished stainless steel metabolism cage for farm animals (goat, sheep, and pig) The cage was equipped with a variable-restraining device. 



		Temperature:

		17 - 24°C



		Humidity:

		48-93%



		Photoperiod:

		12 h light / 12 h dark cycle



		Air change:

		10 – 15 times per hour.







B.7.2.2.1.3:	Dosing regime

		Amount of dose:

		60.41 mg/day

24.36 mg a.i./kg dry feed/day

12,413,433,000 dpm.day

1.0 mg/kg bw/day



		Feed consumption:

		Mean 2.48 kg dry weight/day1 (2.598, 2.290, 2.537, 2.494) 



		Vehicle:

		Gelatine capsules



		Timing:

		One capsule per day 



		Duration:

		5 days





1 Consumption on day 5 (1.2 kg) was excluded, as the goat was sacrificed within six hours of the last dosing.



B.7.2.2.1.4:	Sample collection

		Milk collection:

		0-8, 8-24, 24-32, 32-48, 48-56, 56-72, 72-80, 80-96, and 96-102 hrs after the first administration. Milk was collected immediately prior to each administration and about 8 hours later in the afternoon.



		Urine and faces:

		0-24, 24-48,48-72, 72-96, and 96-102 hrs after the first administration.



		Interval from last dose to sacrifice:

		6 hours



		Tissue harvested and analyzed:

		Liver without gallbladder, kidneys, round and loin muscle, omental and perirenal fat, gallbladder










B.7.2.2.1.5	Description of analytical procedures

The measurement of the radioactivity in the liquid samples was carried out by liquid scintillation counting (LSC). Quenching effects were automatically corrected using an external standard and quenching library. The instrument background of 10-32 dpm was subtracted automatically. For all samples, the limit of detection (LOD) was established at approximately 10 dpm measured per aliquot after instrument background correction. The limit of quantification (LOQ) was established as 2 times of the background radioactivity (dpm) of each instrument/method. All solid samples were combusted in an oxygen atmosphere using an oxidiser. The released 14CO2 was trapped in an alkaline scintillation cocktail and the radioactivity was determined by LSC.



The purified extracts of milk and the tissues, and samples of urine were subjected to HPLC using a reversed-phase column (C18) and the eluting solvents water/formic acid 99:1 (v/v) and acetonitrile/water/formic acid 97:2:1 (v/v/v) in the gradient mode. Detection was performed by a UV- (254 nm) and a radioisotope detector with a glass bead scintillator. In order to check the completeness of the elution for the HPLC profile, representative samples of milk, muscle, liver, and kidney extract were injected, re-collected, and radioassayed by LSC. The recoveries were between 94.4 and 106.5% of the injected radioactivity. Radiolabelled and non-labelled reference compounds were used in co-chromatography for identification of metabolites. 



As a second chromatographic method, thin layer chromatography (TLC) was employed on silica gel plates and radioluminography for detection of radioactive spots. The solvent system was a mixture of acetonitrile/water/formic acid (70:25:5; v/v/v).



The electrospray ionisation mass spectra (ESI) were obtained with an LTQ Orbitrap XL mass spectrometer. The HPLC instrument used for chromatography was an Agilent HP1100. The flow from the HPLC column was split between UV-detector followed by a radioactivity detector and MS spectrometer. 1H-NMR spectra were obtained using a 600 MHz NMR-spectrometer. The isolation and identification of parent and metabolites were performed in the current study (pyridinylmethyl label). 



Metabolites were isolated from urine (24 to 48 h) by liquid/liquid partitioning via Extrelut® cartridge followed by HPLC. The isolated metabolites were identified by LC-MS/MS and served as reference compounds for the identification by HPLC co-chromatography. A further reference compound was BYI 02960-AMCP-difluoroethanamine, which was provided as a non-radiolabelled compound.



B.7.2.2.1.6	Storage stability of samples

During the study, all samples and extracts were stored at ≤ -18 °C or for a short time in a refrigerator. All samples of milk, and edible organs and tissues were extracted within approx. six weeks after sample collection. The first metabolite profile was recorded one day after the start of the extraction and sample preparation.



B.7.2.2.2	Results and discussion



B.7.2.2.2.1	Total radioactive residues (TRRs)

The radioactivity levels and concentrations measured in the milk ranged from 0.053 mg/kg at 96 hours to 1.345 mg/kg at sacrifice. The concentrations found in the evening and morning milk samples showed a distinct diurnal pattern. The radioactive residues increased significantly during the eight hour period after each administration followed by a decrease to a very low level of about 0.05 mg/kg measured prior to the administration of the next dose. A stable plateau level of about 0.3 mg/kg was reached at 8 hours after the first administration. The overall recovery of the administered dose was about 89%.



Table B.7.2.2-1.  Distribution of residues in milk, muscle, fat, liver and kidney of lactating goats 

following oral administration of 5 daily doses of [Pyridinylmethyl-14C]-BYI 02960 at a dose rate of 

1.0 mg/kg bw/day. 

		Matrices

		Percent of total
dose administered (%)

		Concentration of total radioactivity (mg/kg)



		Liver

		0.50

		1.215



		Kidney

		0.10

		1.869



		Muscle

		2.10

		0.356



		Fat

		0.25

		0.106



		Total of organs/tissues

		2.94

		----



		Milk (8 hrs)

		0.121

		0.292



		Milk (24 hs)

		0.161

		0.060



		Milk (32 hrs)

		0.301

		0.336



		Milk (48 hrs)

		0.341

		0.055



		Milk (56 hrs)

		0.471

		0.318



		Milk (72 hrs)

		0.501

		0.055



		Milk (80 hrs)

		0.641

		0.318



		Milk (96 hrs)

		0.671

		0.053



		Milk (102 hrs)

		0.781

		1.345



		Milk  [ 0 – 102 hrs]

		0.78

		0.1862



		Urine  [0 – 102 hrs]

		71.74

		----



		Faeces   [0 – 102 hrs]

		13.28

		----



		Total Excreted

		85.02

		----



		Total Recovery

		88.75

		----





1 Cumulative

2 Milk 24 – 102 hrs combined.



B.7.2.2.2.2	Characerterization and identification of residues

The characertization and identification of residues in milk and tissues are summarized in Table B.7.2.2-2.

Parent was by far the dominating constituent of the residue in milk, organs and tissues. Its concentration amounted to 0.165 mg/kg (88.8% of the TRR) for milk, 0.349 mg/kg (98.0% of the TRR) for muscle, 0.105 mg/kg (99.2% of the TRR) for fat, 0.650 mg/kg (34.8% of the TRR) for kidney and 1.028 mg/kg (84.6% of the TRR) for liver.






Table B.7.2.2-2:   Radioactive residues of parent and metabolites in milk and 

edible organs of lactating goats following oral administration of 5 daily doses of [Pyridinylmethyl-14C] 

BYI 02960 at a dose rate of 1.0 mg/kg bw.



		Extract/

Identification

		Milk

		Muscle

		Fat

		Kidney

		Liver



		Sampling

		(24 to 102 h)

		

		

		

		



		Overall TRR [mg/kg]

		0.186 

		0.356 

		0.106 

		1.869 

		1.215 



		(BYI 02960-) Equivalents

		% 

		mg/kg

		% 

		mg/kg

		% 

		mg/kg

		%  

		mg/kg

		% 

		mg/kg



		ACN/water extract

		99.3

		0.184

		99.4

		0.353

		99.2

		0.105

		98.8

		1.847

		92.8

		1.128



		BYI 02960 (parent)

		88.8

		0.165

		98

		0.349

		99.2

		0.105

		34.8

		0.65

		84.6

		1.028



		cysteinyl-

		---

		---

		---

		---

		---

		---

		6.1

		0.114

		4.8

		0.058



		nicotinic acid

		

		

		

		

		

		

		

		

		

		



		hippuric acid

		9.1

		0.017

		---

		---

		---

		---

		9.5

		0.178

		0.8

		0.01



		methylthio-

		1.5

		0.003

		1.3

		0.005

		---

		---

		---

		---

		---

		---



		glyoxylic acid

		

		

		

		

		

		

		

		

		

		



		OH-gluA (isomer 1)

		---

		---

		---

		---

		---

		---

		6

		0.112

		---

		---



		OH-gluA (isomer 2)

		---

		---

		---

		---

		---

		---

		9.3

		0.175

		1.4

		0.016



		OH-gluA (isomer 3)

		---

		---

		---

		---

		---

		---

		8.4

		0.158

		---

		---



		OH-gluA (isomer 4)

		---

		---

		---

		---

		---

		---

		7.5

		0.141

		---

		---



		AMCP-

		---

		---

		---

		---

		---

		---

		1.1

		0.02

		1.2

		0.015



		difluoroethanamine

		

		

		

		

		

		

		

		

		

		



		OH

		---

		---

		---

		---

		---

		---

		16

		0.299

		---

		---



		Total identified

		99.4

		0.185

		99.3

		0.354

		99.2

		0.105

		98.7

		1.847

		92.8

		1.127



		Total extracted

		99.5

		0.185

		99.5

		0.354

		99.8

		0.106

		98.9

		1.848

		92.9

		1.129



		Solids

		0.5

		0.001

		0.5

		0.002

		0.2

		<0.001

		1.1

		0.021

		7.1

		0.086



		Total

		100

		0.186

		100

		0.356

		100

		0.106

		100

		1.869

		100

		1.215







B.7.2.2.2.2.1	Urine

The following metabolites were identified in extracts of urine:  cysteinyl-nicotinic acid, 6-CNA, hippuric acid, methylthio-glyoxylic acid, cysteine, OH-gluA (4 isomers), des-difluoroethyl, OH, and YI02960.



B.7.2.2.2.2.2	Milk

BYI 02960 was the main residue in milk (88.8% of the TRR; 0.165 mg/kg).  BYI 02960-hippuric acid (9.1% of the TRR;  0.017 mg/kg) and BYI 02960-methylthio-glyoxylic acid (1.5% of the TRR; 0.003 mg/kg) were also detected in milk.



B.7.2.2.2.2.3	Muscle

BYI 02960 was the main residue in muscle (98.0% of the TRR; 0.349 mg/kg). A minor metabolite was BYI 02960-methylthio-glyoxylic acid.



B.7.2.2.2.2.4	Fat

BYI 02960 was the main residue in fat (99.2% of the TRR; 0.105 mg/kg). 



B.7.2.2.2.2.5	Liver

BYI 02960 was the main residue in liver (84.6% of the TRR; 1.028 mg/kg).  The following metabolites were identified as minor ones:  BYI 02960-hippuric acid, BYI 02960-cysteinyl-nicotinic acid, BYI 02960-OH-gluA (2 isomers) and BYI 02960-AMCP-difluoroethanamine.



B.7.2.2.2.2.6	Kidney

BYI 02960 comprised 34.8% of the TRR (0.65 mg/kg) in kidney.  Extensive metabolism was detected in the kidney, where the main portion of metabolites was found. Another major metabolite in the kidney was BYI 02960-OH (hydroxylation in position 5 of the furanone ring), which amounted to 0.299 mg/kg (16.0% of the TRR).  Four prominent glucuronic acid conjugates of hydroxylated parent were detected in the kidney. The four conjugates were named BYI 02960-OH-gluA (isomer 1to isomer 4) and amounted between 0.112 mg/kg (6.0% of the TRR) and 0.175 mg/kg (9.3% of the TRR) in the kidney. The hydroxylation of BYI 02960 and conjugation with glucuronic acid resulted into two diastereomers of conjugated BYI 02960-OH (BYI 02960-OH-gluA, isomer 2 and 3) with hydroxylation and conjugation in the 5-position of the furanone ring), one isomer (BYI 02960-OH-gluA, isomer 4) with the hydroxylationand conjugation in the difluoroethyl side chain and one isomer (BYI 02960-OH-gluA,isomer 1) with the hydroxylation and conjugation in an unknown position of the molecule.



B.7.2.2.2.3	Proposed metabolic pathway

An overall metabolic pathway is proposed (Figure B.7.2.2-1).  The pathway reflects the following observed reactions:

· Hydroxylation followed by conjugation with glucuronic acid forming two diastereomeric conjugates of BYI 02960-OH (BYI 02960-OH-gluA, isomer 2 and 3), the hydroxylation and conjugation being in the 5-position of the furanone ring. One isomer (BYI 02960-OH-gluA, isomer 4) with hydroxylation and conjugation in the difluoroethyl side chain and one isomer (BYI 02960-OH-gluA, isomer 1) with hydroxylation and conjugation in an unknown position 

· Oxidative cleavage of the pyridinylmethyl bridge forming BYI 02960-6-CNA followed by conjugation with glycine to form BYI 02960-hippuric acid

· Substitution of the chlorine atom of BYI 02960 with glutathione followed by degradation resulting in the conjugate BYI 02960-cysteine

· Oxidative cleavage of the pyridinylmethyl bridge of BYI 02960-cysteine forming BYI 02960-cysteinyl-nicotinic acid

· Further degradation of BYI 02960-cysteine in the cysteine group and the furanone ring forming BYI 02960-methylthio-glyoxylic acid

· Cleavage of the furanone ring forming BYI 02960-AMCP-difluoroethanamine

· Cleavage of the difluoroethyl group forming BYI 02960-des-difluoroethyl






Figure B.7.2.2-1	Proposed metabolic pathway of [Pyridinylmethyl-14C]-BYI 02960 in the lactating goat






B.7.2.2.3	Conclusion

The metabolism and excretion of [Pyridinylmethyl-14C]-BYI 02960 (flupyradifurone) were investigated in a lactating goat as a model for ruminants. The administered radioactive dose was adequately recovered.  In the organs and tissues, the highest radioactivity concentrations were determined in kidney (1.869 mg/kg) and liver (1.215 mg/kg), indicating the significance of these organs for excretion and metabolism.



The concentration of radioactivity in milk ranged from 0.053 mg/kg at 96 hours to 1.345 mg/kg at sacrifice. A stable plateau level of about 0.3 mg/kg was reached at 8 hours after the first administration.



BYI 02960 was the only significant residue in milk, muscle, fat, kidney, and liver.  Extensive metabolism was observed in kidney.  Another major metabolite in the kidney was BYI 02960-OH (hydroxylation in position 5 of the furanone ring), which amounted to 16% of the TRR (0.299 mg/kg).  
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The purpose of the study was to investigate the  metabolism and excretion of [furanone-4-14C]-BYI 02960 (common name: flupyradifurone) in the lactating goat as a model for ruminants. The goat was orally dosed once daily for five consecutive days in the morning after milking with 1.0 mg of the active substance per kg body weight which corresponded to 28.82 mg a.i. /kg dry feed/day. The animal was sacrificed about six hours after the last administration. Total radioactive residues (TRR) were determined in milk and excreta at various sampling intervals, and in muscle, fat, kidney and liver at sacrifice. Milk, edible organs and tissues and urine were analysed for the unchanged parent and metabolites.




B.7.2.2.4	Materials and methods



B.7.2.2.4.1	Test material

		Labelling position

(* denotes the position of the label)

		[Furanone-4-14C]









		Specific radioactivity used for administration

		4.24 MBq/mg = 114.50 µCi/mg
(delivered sample before radiodilution)
3.50 MBq/mg = 2.10 x 108 dpm/mg = 94.59 µCi/mg = 27.31 Ci/mol
(sample after radiodilution)



		Radiochemical purity 

		> 99 % (HPLC)



		Dose level

		1 mg/kg bw by gavage (for 5 consecutive days)



		Nonradioactive tewst substance

		BYI 02960-PU-02



		Chenical purity

		99.4%







B.7.2.2.4.2	Test animals

		Species:

		Lactating goat (Capra hircus)



		Breed:

		“Weiße Deutsche Edelziege”



		Gender:

		 female 



		Age:

		24 months



		Body weight:

		47 kg at first administration, 42 kg at sacrifice



		Number of animals:

		1



		Acclimatization period:

		7 days



		Diet:

		The goat was fed ad libitum with hay, hay pellets, apples and supplementary ruminant feed ("Raiffeisen LammGold”, supplied by Raiffeisenmarkt Rhein-Berg eG, Postfach 100565, D-40769 Monheim).

During the test period, the average feed consumption was 1.63 kg/day



		Water:

		Tap water was offered ad libitum



		Husbandry:

		Conventional hygienic consitions



		Environmental conditions



		Housing:

		During acclimatization period: raised stall with a metal grid as base and straw and hay as bedding.

During the test period: electro-polished stainless steel metabolism cage for farm animals (goat, sheep, and pig The cage was equipped with a variable-restraining device.



		Temperature:

		20 - 25°C



		Humidity:

		40-55%



		Photoperiod:

		12 h light / 12 h dark cycle



		Air change:

		10 – 15 times per hour.








B.7.2.2.4.3	Dosing regime

		Amount of dose:

		47.01 mg a.i./day

9,872,940,000 dpm per dose

5 daily oral doses of 1.0 mg/kg bw by gavage

28.82 mg a.i./kg dry feed/day



		Food consumption:

		Mean 1.631 kg dry weight/day1 (1.695, 1.645, 1.595, 1.590)



		Vehicle:

		Capsule



		Timing:

		Each morning after milking.



		Duration:

		5 days





1 Excludes day 5 as the goat was sacrificed within 6 hours of the last administration.



B.7.2.2.4.4	Sample collection

		Milk collection:

		0-8, 8-24, 24-32, 32-48, 48-56, 56-72, 72-80, 80-96, and 96-102 hrs after the first administration. Milk was collected immediately prior to each administration and about 8 hours later in the afternoon and immediately before termination.



		Urine and faces:

		0-24, 24-48,48-72, 72-96, and 96-102 hrs after the first administration.



		Interval from last dose to sacrifice:

		6 hours



		Tissue harvested and analyzed:

		Liver without gall bladder, kidneys, round and loin muscle, omental and perirenal fat, gallbladder









B.7.2.2.4.5	Description of analytical procedures

The measurement of the radioactivity in the liquid samples was carried out by liquid scintillation counting (LSC). Quenching effects were automatically corrected using an external standard and quenching library. The instrument background of 10-32 dpm was subtracted automatically. For all samples, the limit of detection (LOD) was established at approximately 10 dpm measured per aliquot after instrument background correction. The limit of quantification (LOQ) was established as 2 times of the background radioactivity (dpm) of each instrument/method. All solid samples were combusted in an oxygen atmosphere using an oxidiser. The released 14CO2 was trapped in an alkaline scintillation cocktail and the radioactivity was determined by LSC.



The purified extracts and samples of urine were subjected to HPLC using a reversed-phase column (C18) and a ternary elution gradient. Detection was performed by a UV- (254 nm) and a radioisotope detector with a glass bead scintillator. In order to check the completeness of the elution for the HPLC profile, representative samples of milk, muscle, liver, and kidney extract were injected, re-collected, and radioassayed by LSC. The recoveries were between 95.3 and 105.9% of the injected radioactivity. Radiolabelled and non-labelled reference compounds were used for co-chromatography for identification of metabolites. 



As a second chromatographic method thin layer chromatography (TLC) was employed on silica gel plates and radioluminography for detection of radioactive spots. As a solvent system a mixture of acetonitrile/water/formic acid (70:25:5; v/v/v) was used.



The electrospray ionisation mass spectra (ESI) were obtained with an LTQ Orbitrap XL mass spectrometer. The HPLC instrument used for chromatography was an Agilent HP1100. The flow from the HPLC column was split between UV-detector followed by a radioactivity detector, and MS spectrometer. 1H-NMR spectra were obtained using a 600 MHz NMR-spectrometer.



The identification of parent, BYI 02960-OH and BYI 02960-des-difluoroethyl was performed in isolated fractions of a urine sample of the goat study with the pyridinylmethyl label (KIIA 6.2.3/01) by spectroscopic methods. The metabolites were assigned in the extracts of milk, organs and tissues of the current study based on the comparison of the metabolite pattern of a representative urine of the current study and of the study with the pyridinylmethyl label.



Four isomers of the glucuronic acid conjugate of hydroxylated BYI 02960 were isolated from the urine (24 to 48 h) of the current study by liquid/liquid partitioning via Extrelut® cartridge followed by HPLC. The isolated metabolites were identified by LC-MS/MS. The position of hydroxylation and conjugation for three isomers was assigned based on the LC-MS/MS fragments. Confirmation of the identification was based on the degradation to aglycones and other metabolites observed in two urine samples by comparison of the decrease of glucuronic acid conjugates with the increase of the degradation products in relation to non-degraded urine samples.



Metabolites in the polar region of the acetonitrile/water extracts of kidney and liver were quantified and further characterised by TLC (solvent system: acetonitrile/water/formic acid, 70:25:5; v/v/v). Their commonality with polar metabolites in urine of rat and organs of hen was demonstrated by comparison of the TLC profiles. The polar regions of muscle and fat were not investigated, due to their low amount of residues and high matrix content.



The polar residue in the milk was isolated and identified after acetylation. The identification was performed by HPLC co-chromatography with acetylated radioactive lactose as reference compound. Acetylated radioactive lactose was synthesised from radioactive lactose.



B.7.2.2.4.6	Storage stability of samples

During the study, all samples and extracts were stored in at ≤-18 °C or for a short time in a refrigerator. All samples of milk, and edible organs and tissues were extracted within approximately seven weeks after sample collection. The first metabolite profile was recorded no later than two days after the start of the extraction and sample preparation. The first metabolic profiles were used for the quantification of metabolites, except for the profile of milk. The quantification of metabolites in the extract of milk was performed approximately four weeks later. The stability of the extract of milk was demonstrated by comparison of the first profile with the profile after storage of the extract.






B.7.2.2.5	Results and discussion



B.7.2.2.5.1	Total radioactive residues (TRRs)

The overall recovery accounted for is 78.94% of the total administered  dose.  It is speculated that much of the remaining radioactivity (ca. 21%) was expected to still be present in the gastro-intestinal tract at sacrifice, due to the short period between the last administration and sacrifice.  At sacrifice, the residues in the organs and tissues dissected from the body were calculated or estimated to be 4.22% of the total dose from which about 69% was detected in skeletal muscle.



The concentrations in milk ranged from 0.755 mg/kg at 24 hours to 1.213 mg/kg at 56 hours after the first administration. At sacrifice, the residue concentration was 1.165 mg/kg. The time course in the evening and morning milk pool samples showed a pronounced diurnal pattern. The residues increased significantly during the eight hour period after the second and the fifth administration followed by a decrease measured prior to the delivery of the next dose. A plateau level of about 1.1 mg/kg was reached ca. 50 hours after the first administration.



Table B.7.2.2-3:  Distribution of residues in milk, muscle, fat, liver and kidney of lactating goats following 5 daily oral administration of [furanone-4-14C]-BYI 02960 at 1.0 mg/kg .

		Sample

		Percent of total
dose administered

		Concentration of total radioactivity [mg/kg]



		Liver

		0.65

		1.746



		Kidney

		0.09

		1.473



		Muscle

		2.91

		0.539



		Fat

		0.57

		0.265



		Total of organs/tissues

		4.22

		----



		Milk (8 hrs)

		0.301

		0.820



		Milk (24 hrs)

		0.681

		0.755



		Milk (32 hrs)

		1.101

		1.130



		Milk (48 hrs)

		1.401

		0.814



		Milk (56 hrs)

		1.671

		1.213



		Milk (72 hrs)

		1.911

		0.997



		Milk (80 hrs)

		2.141

		1.205



		Milk (96 hrs)

		2.441

		0.992



		Milk (102 hrs)

		2.581

		1.165



		Milk  [0 – 102 h]

		2.58

		0.9612



		Urine [0 – 102 h]

		69.15

		----



		Faeces [0 – 102 h]

		3.00

		----



		Total excreted

		72.14

		----



		Total Recovery

		78.94

		----





1 Cumulative

2 0 – 102 hrs combined.



B.7.2.2.5.2	Characterization and identificationof residues.

The characertization and identification of residues in milk and tissues are summarized in Table B.7.2.2-4. Approximately 91% of the total residue in milk, ca. 90% in muscle, 83% in fat, 79% in kidney and ca. 60% in liver was identified. All other residues were characterised by their extraction behaviour. 






Table B.7.2.2-4: Radioactive residues of parent and metabolites in milk, urine and 

edible organs of lactating goats following 5 daily oral administration of [Furanone-4-14C] 

BYI 02960 at 1.0 mg/kg bw.

		Extract/Identification

		Milk

		Muscle

		Fat

		Kidney

		Liver



		Sampling

		(24 to 102 h)

		sacrifice

		sacrifice

		sacrifice

		sacrifice



		Overall TRR [mg/kg]

		1.046 

		0.539 

		0.265 

		1.472 

		1.746 



		(BYI 02960-) Equivalents

		%  

		mg/kg

		% 

		mg/kg

		%  

		mg/kg

		%  

		mg/kg

		%  

		mg/kg



		ACN/water extract

		90.7

		0.948

		95

		0.512

		88.4

		0.234

		89.1

		1.311

		73.3

		1.28



		BYI 02960

		23.9

		0.25

		88.1

		0.475

		80.5

		0.213

		50.5

		0.744

		59.8

		1.045



		Lactose

		66.8

		0.698

		---

		---

		---

		---

		---

		---

		---

		---



		Polar metabolites

		---

		---

		4.4

		0.024

		5

		0.013

		10

		0.148

		12.1

		0.211



		OH-gluA (isomer 1)

		---

		---

		---

		---

		---

		---

		2.2

		0.032

		---

		---



		OH-gluA (isomer 2)

		---

		---

		---

		---

		---

		---

		2.2

		0.032

		---

		---



		OH-gluA (isomer 3)

		---

		---

		---

		---

		---

		---

		4.7

		0.069

		---

		---



		OH-gluA (isomer 4)

		---

		---

		---

		---

		---

		---

		3.5

		0.052

		---

		---



		Des-difluoroethyl

		---

		---

		---

		---

		---

		---

		1.3

		0.019

		---

		---



		OH

		---

		---

		1.8

		0.01

		2.9

		0.008

		14.6

		0.215

		---

		---



		Total identified

		90.7

		0.948

		89.9

		0.485

		83.4

		0.221

		79

		1.163

		59.8

		1.045



		Total characterized

		---

		---

		4.4

		0.024

		5

		0.013

		10

		0.148

		12.1

		0.211



		Total extracted

		90.7

		0.948

		94.3

		0.509

		88.4

		0.234

		89

		1.311

		71.9

		1.256



		Losses

		0

		0

		0.7

		0.003

		0

		0

		0.1

		0

		1.4

		0.024



		Solids

		8.6

		0.09

		4.8

		0.026

		5.9

		0.016

		n.d.

		n.d.

		n.d.

		n.d.



		Total

		100

		1.046

		100

		0.539

		100

		0.265

		100

		1.472

		100

		1.746







B.7.2.2.5.2.1	Urine

The identification of parent, BYI 02960-OH (hydroxylation in 5-position of the furanone ring) and BYI 02960-des-difluoroethyl was performed in the urine of the goat study with the pyridinylmethyl label by spectroscopic methods. Four isomers of the glucuronic acid conjugate of hydroxylated BYI 02960 were isolated and identified in the urine of the current study and the study with the pyridinylmethyl label. Spectra of the corresponding isomers of both studies were identical. Identification of the four BYI 02960-OH-gluA isomers was achieved by comparison of the LC-MS/MS spectra and by comparison of the decomposition rates of the four single isomers with the increasing rates of their aglycones and a decomposition product based on the observations in the urine 72 to 96 h.



BYI 02960-OH-gluA (isomer 1) to BYI 02960-OH-gluA (isomer 4) were identified as glucuronic acid conjugates of hydroxylated BYI 02960 by LC-MS/MS. The LC-MS/MS fragments of BYI 02960-OH-gluA (isomer 1) and BYI 02960-OH-gluA (isomer 4) were different from each other and were different from BYI 02960-OH-gluA (isomer 2) and BYI 02960-OH-gluA (isomer 3). Most probably BYI 02960-OH-gluA (isomer 2) and BYI 02960-OH-gluA (isomer 3) are two diastereomers, due to their identical LC-MS/MS spectra. Therefore, it was concluded that BYI 02960 was hydroxylated and conjugated with glucuronic acid in three different positions of the molecule. The hydroxylation of the two diastereomers (isomer 2 and 3) was assigned to the 5-position of the furanone ring based on the similarity of the mass spectra with those of BYI 02960-OH-SA. The position of the hydroxylation of BYI 02960-OH-SA was clearly identified by NMR-spectroscopy in the laying hen study with the pyridinylmethyl label (KIIA 6.2.2/01). For isomer 4, the position of the hydroxylation was assigned to the difluoroethyl side chain based on the fragments 225 (ESI+) and 223 (ESI-) which prove the presence of the unchanged pyridinylmethyl and furanone moieties. For isomer 1, the position of the hydroxylation could not be derived from the mass spectra, therefore the position remains unknown.



The assignment of the BYI 02960-OH-gluA isomers could be further confirmed based on the observed decomposition in two urine samples, mainly by comparison of the profiles of the urine samples collected between 72 and 96 h and between 96 and 102 h. Basically, the amounts of the BYI 02960-OH-gluA isomers as well as of the other metabolites were almost the same during the entire test period. This was observed for the urine samples of the goat study with the pyridinylmethyl label and also for urine samples 0 to 24 h, 24h to 48 h and 96 to 102 h of the current study. By comparison of the decrease of the conjugates with the increase of other compounds, the aglycones of the isomers could be identified.



B.7.2.2.5.2.2	Milk

The unchanged parent was a major compound in milk (0.250 mg/kg, 23.9% of the TRR). The main part of residues in milk was radioactive lactose and amounted to 0.698 mg/kg (66.8% of the TRR).



B.7.2.2.5.2.3	Muscle

About 88% of the TRR (0.475 mg/kg) was parent.  BYI 02960-OH was detected as a minor metabolite, as well as a group of unidentified polar metabolites.



B.7.2.2.5.2.4	Fat

About 80% of the TRR (0.213 mg/kg) was parent.  BYI 02960-OH and a group of polar, unidentified metabolites were also detected

B.7.2.2.5.2.5	Liver

About 60% of the TRR (1.045 mg/kg) was parent.  No other compound was identified.  However a group of polar metabolites was characterized.



B.7.2.2.5.2.6	Kidney

Extensive metabolism was detected in the kidney.  Nonetheless, BYI 02960 (parent) was 50% of the TRR (0.744 mg/kg). The main metabolite in kidney was BYI 02960-OH (hydroxylation in the 5-position of the furanone ring), which amounted to 0.215 mg/kg (14.6% of the TRR). Four prominent glucuronic acid conjugates of hydroxylated parent were detected in the kidney and in the urine. The four isomers were named BYI 02960-OH-gluA (isomer 1 to isomer 4). Their concentrations were between 0.032 mg/kg (2.2% of the TRR) and 0.069 mg/kg (4.7% of the TRR) in the kidney. BYI 02960-OH-gluA (isomer 2) and BYI 02960-OH-gluA (isomer 3) were diastereomers, which were hydroxylated and conjugated in 5-position of the furanone ring. BYI 02960-OH-gluA (isomer 4) was hydroxylated and conjugated in the difluoroethyl side chain and BYI 02960-OH-gluA (isomer 1) in an unknown position. A minor metabolite was BYI 02960-des-difluoroethyl which amounted to 0.019 mg/kg (1.3% of the TRR) in the kidney.



B.7.2.2.5.3	Proposed metabolitc pathway

The metabolic pathway for [Furanone-4-14C]-BYI 02960 in a lactating goat is proposed (Figure 7.2.2-2).  The pathway reflects the following observed reactions:



· Cleavage and subsequent degradation of the furanone ring forming small carbon units (C-1- or C-2-fragments), entering the carbon pool of endogenous compounds and finally being used for example for the biosynthesis of lactose

· Hydroxylation followed by conjugation with glucuronic acid forming two diastereomeric conjugates of BYI 02960-OH (BYI 02960-OH-gluA, isomer 2 and 3) with hydroxylation and conjugation in the 5-position of the furanone ring, one isomer (BYI 02960-OH-gluA, isomer 4) with the hydroxylation and conjugation in the difluoroethyl side chain and one isomer (BYI 02960-OH-gluA, isomer 1) with the hydroxylation and conjugation in an unknown position.

· Cleavage of the difluoroethyl group forming BYI 02960-des-difluoroethyl



Figure 7.2.2-2:   Proposed metabolic pathway of [Furanone-4-14C]-BYI 02960 in the lactating goat








B.7.2.2.6	Conclusion

The metabolism and excretion of [furanone-4-14C]-BYI 02960 (flupyradifurone) were investigated in a lactating goat as a model for ruminants. The administered radioactive dose was adequately recovered.  In the organs and tissues, the highest radioactivity concentrations were determined in kidney (1.473 mg/kg) and liver (1.746mg/kg) indicating the significance of these organs for excretion and metabolism.



The concentrations in milk ranged from 0.755 mg/kg at 24 hours to 1.213 mg/kg at 56 hours after the first administration. A plateau level of about 1.1 mg/kg was reached ca. 50 hours after the first administration.



BYI 02960 was the only significant residue in muscle, fat, and liver. In addition to BYI 02960, radioactive lactose was found in milk.   Some metabolism was observed in kidney, however, the parent was still the predominant residue.  The major metabolite in the kidney was BYI 02960-OH (hydroxylation in position 5 of the furanone ring), which amounted to 15% of the TRR.  The metabolic patterns were quite similar between the two labels.

B.7.2.2.7	Conclusion on metabolism in animals

Nature of the residue studies with separate radiolabels on the furanone and pyridinyl rings of  BYI 02960 were conducted with laying hens and a lactating goat. Adequate amounts of the administered doses were recovered in all cases.   Generally, adequate amounts of the radiolabeled residues were released and subsequently identified or characterized.



Metabolism in poultry was far more extensive than in ruminants. Parent BYI 02960 was generally a minor component in hen matrices, with the exception of fat (15% of the TRR) and eggs  (20% of the TRR) for the pyridinyl label only. Fatty acids were the major metabolic product with the furanone label for eggs, fat, and liver, indicating extensive metabolism and reincorporation of the radiolabel into natural products. A similar path was seen in ruminant milk.  With the pyridinylmethyl label, acetyl-AMCP, from cleavage of both the furanone and difluroethyl groups, was the major residue in eggs, and the major residue in liver was BYI 02960 OH-SA from hydroxylation of the furanone.  Similar extensive hydroxylation to BYI 02960 OH derivatives was seen in ruminant liver.



Metabolism in ruminants was very limited.  BYI 02960 was the major portion of the residue in fat, muscle, and liver.  The parent was also the major component in milk with the pyridinyl label, but lactose from total breakdown and reincorporation of the radiolabled carbon was the major component in milk for the furanone label.  Significant metabolism was demonstrated only in kidney.  The major metabolites were BYI 02960 OH (15%-35% of the TRR) and BYI 02960 OH-glucuonides (26%-31% of the TRR) from hydroxylation followed by conjugation with glucuronic acid.



Metabolism in livestock with [Ethyl-1-14C]-BYI 02960 was not studied.  Therefore, nothing can be concluded about the significance of difluoroacetic acid (DFA) as a livestock metabolite.  However, DFA was measure d in the livestock feeding studies and was found is some matrices to be present in significant quantities.
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